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1. INTRODUCTION

The North Atlantic region is unusual in having a relatively large number of locations at which 
oceanographic data have been collected repeatedly for many years or decades; the longest records go 
back more than a century. In this report, we provide the very latest information from the ICES Area of 
the North Atlantic and Nordic Seas, where the ocean is currently measured regularly. We describe the 
status of sea temperature and salinity during 2009, as well as the observed trends over the past decade 
or longer. In the first part of the report, we draw together the information from the longest time-series in 
order to give the best possible overview of changes in the ICES Area. Throughout the report, additional 
complementary datasets are provided, such as sea level pressure, air temperature, and ice cover.

The main focus of the annual ICES Report on Ocean Climate is the observed variability in the upper 
ocean (the upper 1000 m), and the introductory section includes gridded fields constructed by optimal 
analysis of the Argo float data distributed by the Coriolis data centre in France. Later in the report, a 
short section summarizes the variability of the intermediate and deep waters of the North Atlantic.

The data presented here represent an accumulation of knowledge collected by many individuals and 
institutions through decades of observations. It would be impossible to list them all, but at the end of 
the report, we provide a list of contacts for each dataset, including e-mail addresses for the individuals 
who provided the information, and the data centres at which the full archives of data are held.

More detailed analysis of the datasets that form the time-series presented in this report can be found 
in the annual meeting reports of the ICES Working Group on Oceanic Hydrography at h ttp ://w w w . 
ices.dk /  iceswork /  wgdetail .asp?wg=W GOH.

1.1 Highlights of 2009

The upper layers of the northern North Atlantic 
and the Nordic seas were warm and saline in 2009 
compared with the long-term average.

A strong, cold anomaly developed in the surface 
of the central North Atlantic during summer.

Warming and salinification of deep waters 
continues.

1.2 The North Atlantic atmosphere in 
winter 2008/2009

Surface air temperatures in the central North 
Atlantic and the Norwegian Sea were near 
normal, but were >1°C higher than average in the 
Labrador, Barents, and Greenland seas.

Mean winds were weaker than normal across 
the eastern North Atlantic, southern Labrador 
Sea, Northwestern European continental shelf, 
and Baltic, but stronger than normal east of 
Newfoundland and east of the Azores.

The NAO index in winter 2008/2009 was weakly 
negative.

http://www
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NORTH ATLANTIC UPPER OCEAN TEMPERATURE: OVERVIEW
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Figure 1.
Upper ocean temperature anomalies at selected locations across the North Atlantic. The anomalies are normalized with respect to the standard deviation 
(e.g. a value o f+2 indicates 2 standard deviations above normal). Upper panels: maps o f conditions in 2009; (left) data from  in situ observations; (right) 
2009 anomalies calculated from OISST.v2 data (see Figure 3). Lower panels: time-series o f normalized anomalies at each o f the selected stations. Colour 
intervals 0.5°C; reds = positive/warm; blues = negative/cool. See Figure 13 for a map supplying more details about the locations in this figure.

W E S T  ICELAND

1 7 )  F A R O E  SH E T L A N D  C H A N N EL 3 1 )  G E R M A N  BIGHT

1 9 )  S O U T H E R N  N O R W E G IA N  S E A  (O W S -M )

1 )  F RAM  ST R A IT  
E A S T  G R E E N L A N D  C U R R E N T

2 )  G R E E N L A N D  S H E L F

3 )  LA BRA D O R S E A

4 )  N E W FO U N D L A N D  S H E L F  

195 0  1 960  197 0  1 9 8 0  1 990  2 0 0 0  201 0

1 1 )  S O U T H

1 3 )  R O C K A L L T R O U G H

3 2 )  BALTIC S  EA

2 8 )  N O R T H E R N  N(

3 0 )  S O U T H E R N  N O R T H  S E AN O R T H  S  E A  fti .

mu

2 7 )  BAY O F  BIS CAY



ICES Cooperative Research Report No.304

NORTH ATLANTIC UPPER OCEAN SALINITY: OVERVIEW
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Figure 2.
Upper ocean salinity anomalies at selected locations across the North Atlantic. The anomalies are calculated relative to a long-term mean and normalized with 
respect to the standard deviation (e.g. a value o f+2 indicates 2 standard deviations above normal). Upper panel: map o f conditions in 2009. Lower panels: time- 
series o f normalized anomalies at each o f the selected stations. Colour intervals 0.5; oranges = positive/saline; greens = negative/fresh. See Figure 13 for a map 
supplying more details about the locations in this figure.
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2. SUMMARY OF UPPER OCEAN 
CONDITIONS IN 2009

In  this section, we sum m arize the conditions in 
the upper layers of the N orth  A tlantic during  2009, 
using  data from: (i) a selected set of sustained 
observations, (ii) gridded sea surface tem perature 
(SST) data, and  (iii) gridded vertical profiles of 
tem perature  and  salinity from  Argo floats.

2.1 In situ  stations and sections

W here in situ section and  station  data are presen ted  
in  the sum m ary tables and figures, norm alized 
anom alies have b een  dem onstrated  to allow better 
com parison of trends in the data  from  different 
regions (Figures 1-3; Tables 1 and  2).The anom alies 
have b een  norm alized by dividing the values by the 
s tandard  deviation of the data during  1971-2000. 
A  value of +2 thus represen ts data (tem perature 
or salinity) at 2 standard  deviations h igher than  
norm al.

“ s u s t a i n e d  o b s e r v a t i o n s ”  o r  “ t i m e -s e r i e s ”  a r e

R E G U L A R  M E A S U R E M E N T S  O F  O C E A N  T E M P E R A T U R E  

A N D  S A L I N I T Y  M A D E  O V E R  A L O N G  P E R I O D  ( l O - l O O  

Y E A R S ) .  M O S T  M E A S U R E M E N T S  ARE M A D E  I - 4  T I M E S  

A YEAR,  B U T  S O M E  ARE M A D E  M O R E  F R E Q U E N T L Y .

“ A N O M A L I E S ”  ARE T H E  M A T H E M A T I C A L  D I F F E R E N C E S  

B E T W E E N  E A C H  I N D I V I D U A L  M E A S U R E M E N T  A N D  

T H E  A V E R A G E  V A L U E S  O F  T E M P E R A T U R E ,  S A L I N I T Y ,  

O R  O T H E R  V A R I A B L E S  AT E A C H  L O C A T I O N .  P O S I T I V E  

A N O M A L I E S  I N T E M P E R A T U R E  A N D  S A L I N I T Y  M E A N  

W A R M  O R  SALI  N E  C O N D I T I O N S ;  N E G AT I VE  A N O M A L I  ES 

M E A N  C O O L  O R  F R E S H  C O N D I T I O N S .

T H E  “ S E A S O N A L  C Y C L E ”  D E S C R I B E S  T H E  S H O R T - T E R M  

C H A N G E S  AT T H E  S U R F A C E  O F  T H E  O C E A N  B R O U G H T  

A B O U T  BY T H E  P A S S I N G  O F  T H E  S E A S O N S ;  T H E  O C E A N  

S U R F A C E  IS C O L D  I N W I N T E R  A N D  W A R M S  T H R O U G H  

S P R I N G  A N D  S U M M E R .  T H E  T E M P E R A T U R E  A N D  

S A L I N I T Y  C H A N G E S  C A U S E D  BY T H E  S E A S O N A L  CYCLE 

ARE U S U A L L Y  M U C H  G R E A T E R  T H A N  T H E  P R O L O N G E D  

Y E A R - T O - Y E A R  C H A N G E S  W E  D E S C R I B E  H E R E .

6 /7

Aanderaa Seaguard ready for deployment. Image courtesy o f Marine Scotland, Aberdeen UK.
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

1 (12) 

2(1  )

3 (2b) 
4 ( 2 )
5 (2c)
6 (2c) 
7 ( 2 )  
8 (2 ) 
9 ( 3 )  
10(3)
11 (3)
12 (4b) 
13(5)  
14 (5b) 
15(6)  
16(6)  
17(7)  
18(7)
19 (10)
20  (10) 

21 (10) 

22  (11)
23 (11)
24 (12)
25 (10)
26 (12)
27 (4)
28 (89)
29 (89)
30 (89)
31 (89)
32 (9b)

0.06 0.60 -1.52 0.32 1.22 0.04 0.04 3.50 - 0.75
1.02 0.93 - 0.80 2.27 1.26 0.99 0.56 0.76 - 0.55 0.91
- 0.23 0.09 0.06 1.86 0.49 0.96 0.88 0.50 1.19 - 0.16
0.94 1.03 0.56 0.97 2.41 1.62 2.68 0.01 0.62 0.29
1.59 1.20 0.54 - 0.13 - 0.56 - 0.83
1.79 2.24 2.72 1.21 0.86 0.45 1.17 1.48 0.89 0.11
0.22 0.04 0.09 0.07 0.35 0.10 0.33 -1.55 - 0.73 -1.06
3.55 - 0.31 0.14 -1.77 - 1.01 -0.02 0.88 - 0.62 - 0.31 0.38
1.02 0.07 -1.19 2.11 0.94 0.44 0.05 0.61 -0.02 -0.02
- 0.44 - 0.49 -1.04 1.54 0.39 - 0.16 0.14 -0.44 0.38 0.27
0.52 0.73 0.47 2.22 2.15 3.34 1.95 1.89 1.19 2.07
1.38 0.50 1.38 1.82 2.69 2.48 2.26 3.13
0.74 0.14 2.34 2.88 3.24 4.38 3.48 3.34 2.38
0.26 1.24 1.04 1.11 2.72 1.58 1.22 2.01 0.33 - 0.07
0.34 0.86 0.89 2.75 2.43 1.53 2.58 2.34 2.62 2.02
0.49 0.45 0.74 2.37 1.96 1.50 1.59 1.92 1.71 2.00
0.73 0.40 3.47 4.33 2.80 2.80 3.60 4.40 3.40 2.20
1.20 1.64 2.84 3.24 2.84 2.36 2.64 2.92 3.00 3.52
2.88 0.80 1.94 2.27 2.20 0.85 2.14 1.90 0.49 2.57
0.88 0.67 2.08 1.70 0.78 0.55 1.49 2.11 0.39 1.93
0.54 1.02 0.46 1.49 1.35 1.46 2.01 0.64 0.32 2.05
0.59 0.27 0.77 0.58 1.21 1.10 1.99 1.79 0.96 1.55
1.47 1.16 1.04 0.48 1.80 1.86 2.39 2.10 1.49 1.59
0.12 0.13 - 0.08 -0.68 0.50 1.10 2.13 1.14 1.08 0.67
0.14 -0.20 0.35 - 0.07 0.58 1.32 1.50 0.78 0.35 0.62
0.34 1.45 0.95 1.03 2.29 2.33 3.71 2.74 0.24 1.18
- 0.47 - 0.48 - 0.37 0.21 - 0.31 -2.10 - 0.61 1.50 0.76 -1.57
1.53 1.53 2.65 3.79 3.00 1.85 2.71 2.29 1.38 2.00
0.60 0.49 0.69 0.84 0.68 0.17
0.99 0.82 1.25 0.43 0.64 0.18 0.29 1.04 0.48 0.62
0.97 0.95 1.66 1.17 0.95 1.15 1.43 1.21 0.82

1.20 2.84 0.29 0.98 1.76 2.23 2.23 2.06 1.64

-2

Tables 1 and 2.
Changes in temperature (Table 1, 
top) and salinity (Table 2, bottom) 
at selected stations in the North 
Atlantic region during the last 
decade: 2000-2009. The index 
numbers on the left can be used 
to cross-reference each point with 
information in Figures 1 and 2 
and in Table 3. The numbers in 
brackets refer to detailed area 
descriptions featured later in the 
report. Unless specified, these 
are upper layer anomalies. The 
anomalies are normalized with 
respect to the standard deviation 
(e.g. a value o f +2 indicates that 
the data (temperature or salinity) 
for that year were 2 standard 
deviations above normal). Blank 
boxes indicate that data were 
unavailable for a particular year 
at the time o f publication. Note 
that no salinity data are available 
for stations 5,12, and 29. Colour 
intervals 0.5; red = warm; blue 
= cold; orange = saline; 
fresh.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

1 (12) 

2(1  )

3 (2b) 
4 ( 2 )
5 (2c)
6 (2c) 
7 ( 2 )  
8 (2 ) 

9 ( 3 )  
10(3)
11 (3)
12 (4b) 
13(5)  
14 (5b) 
15(6)  
16(6)  
17(7)  
18(7)
19 (10)
20  (10) 

21 (10) 

22  (11)
23 (11)
24 (12)
25 (10)
26 (12)
27 (4)
28 (89)
29 (89)
30 (89)
31 (89)
32 (9b)

-0.94 0.69 -1.40 0.42 0.51 1.78 1.69 2.01 -1.54
0.80 1.02 -1.54 1.85 1.15 1.62 1.10 0.90 -1.06 1.20
0.25 -0.24 0.27 0.17 0.92 0.71 0.24 0.46 1.04 1.17
0.38 -0.81 1.08 0.50 0.88 0.92 0.85 0.92 1.35 0.31

-0.34 -0.83 0.25 -0.59 -1.96 -2.30 -1.08 -0.48 -0.13 -0.13
0.44 0.25 -0.22 0.74 0.17 0.34 0.44 -1.12 -0.67 -0.81
-0.97 0.12 -0.70 -1.15 -1.16 -1.73 -0.29 0.06 -0.50 -0.69
0.56 0.61 -0.48 1.14 0.81 0.02 -0.09 -0.09 -0.04 0.82
0.59 0.34 -0.12 0.29 0.35 0.18 0.70 0.69 0.75 0.55
0.99 0.83 0.97 2.54 2.37 3.40 2.37 2.46 2.08 3.17

1.17 0.74 2.57 2.52 2.19 2.13 2.34 2.71 2.82
0.10 0.70 1.37 0.54 2.45 1.84 1.53 1.72 0.76 0.89
0.70 0.54 0.57 2.16 2.37 1.92 1.41 1.62 2.53 2.20
0.68 0.63 0.83 2.02 1.73 2.15 1.46 1.58 1.92 2.32
0.09 0.09 1.27 1.59 1.64 1.34 0.93 1.14 1.41 1.46
0.97 1.23 1.86 2.20 2.09 2.06 1.89 1.37 1.89 2.80
0.77 0.55 0.89 1.73 1.71 1.24 1.26 1.11 0.22 1.89
0.41 0.06 0.78 0.96 0.99 0.77 0.75 0.95 0.60 1.77
0.18 0.20 0.18 1.17 1.20 1.60 1.57 0.63 0.20 1.60
0.16 0.06 0.33 0.71 1.52 1.49 1.96 1.61 1.34 0.72
0.12 -0.72 -0.22 0.95 1.95 0.95 0.95 1.45 0.28 0.62
-0.33 0.12 0.16 -0.19 0.49 1.40 1.88 1.54 0.67 0.93
0.06 -0.22 0.40 0.14 0.74 1.48 1.70 1.30 0.90 0.80
0.38 1.89 1.51 1.51 1.89 3.40 4.15 2.23 1.17 2.30
-0.53 -1.94 -0.49 -1.02 -0.77 -0.23 0.76 0.77 0.94 0.02
-1.56 -1.93 -0.40 1.14 1.50 0.79 -0.43 -0.74 0.33 -0.07

0.08 -1.65 -0.50 -0.39 0.52 0.18 0.72 -0.03 0.73 0.58
0.04 -0.95 -0.27 0.60 0.44 0.27 1.01 0.94 1.20
-1.12 -1.98 -1.48 -1.79 -1.40 -0.98 -1.70 -0.94 -1.07 -0.81

-2
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2.2 Sea surface temperature

Sea surface tem peratures across the entire N orth  
A tlantic have also b een  obtained  from  a com bined 
satellite and  in situ gridded dataset. Figure 3 show s 
the seasonal SST anom alies for 2009, extracted from 
the O ptim um  Interpo la tion  SST dataset (OISST.v2)

provided by the NOAA-CIRES Clim ate D iagnostics 
C enter in  the USA. In h igh latitudes, w here in situ 
data  are sparse and  satellite data are h indered  by 
cloud cover, the data m ay be less reliable. Regions 
w ith  ice cover for >50% of the averaging period 
appear blank.

Sum m er - 2009 A utum n - 2009

Figure 3.
M aps o f seasonal sea surface temperature anomalies (°C) over the North Atlantic for 2009from theN O A A Optimum Interpolation SSTv2 dataset 
provided by the NOAA-CIRES Climate Diagnostics Center, USA. The colour-coded temperature scale is the same in all panels. The anomaly is 
calculated with respect to normal conditions for 1971-2000. The data are produced on a 1-degree grid from a combination o f satellite and in situ 
temperature data. Regions with ice cover for >50% o f the averaging period are left blank.
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Table 3. Details o f the datasets included in Figures 1 and 2 and in Tables 1 and 2. Blank boxes indicate that no information was available for the area at the time o f publication. 
T = temperature; S = salinity. Some data are calculated from an average o f more than one station; in such cases, the latitudes and longitudes presented here represent a nominal 
midpoint along that section.

1 Fram Strait -  East Greenland Current 
Section Average 3°W to  shelf edge

12 50-500 m 1980-2000 78.83 -8.00 0.58 0.39 3 4 .6 7 0.11

2 Station 4 -  Fylla Station -  
Greenland Shelf

1 0 -200  m 1971-2000 63.88 -53-37 3-74 1.03 33.88 0.30

3 Area 2b -  w est-central Labrador Sea 
- Section AR7W

2b 0-150 m 1990-2009 57-73 -51.07 313 0.45 34.71 0.07

4 Station 27 -  Newfoundland Shelf 
(temperature) -  Canada

2 0-175 m 1971-2000 47-55 -52-59 0.27 0.34 31.63 0.26

5 Oleander Section (120-400 km) -  
Mid-Atlantic Bight, USA

2C Surface 1978-2000 39.00 -71.50 0.86

6 Northw est Georges Bank -  
Mid-Atlantic Bight, USA

2C 1-30 m 1977-2000 42.00 -70.00 9.71 1.61 32.64 0.23

7 Emerald Basin -
Central Scotian Shelf -  Canada

2 Near Bottom 1971-2000 44.00 -63.00 1.20 0.23

8 Misaine Bank -
Northeastern Scotian Shelf -  Canada

2 Near Bottom 1971-2000 45.00 -59.00 0.65 0.16

9 Siglunes Station 2 - 4 -  North Iceland-  
Irminger Current

3 50-150 m 1971-2000 67.00 -18.00 3-34 1.09 34.82 0.19

io Langanes Station 2-6  -  Northeast 
Iceland -  East Icelandic Current

3 0-50 m 1971-2000 67.50 -13.50 1.24 0.95 34.70 0.14

lí Selvogsbanki Station 5 -  
Southwest Iceland -  Irminger Current

3 0 -200  m 1971-2000 63.00 -22.00 7.64 0.37 35-15 0.04

12 Malin Head W eather Station 4b Surface 1971-2000 55-37 -7-34 10.57 0.46

13 Ellett Line -  Rockall Trough -  UK 
(section average)

5 0 -8 0 0  m 1975-2000 56-75 -11.00 9.21 0.22 35-33 0.03

14 Central Irminger Sea -  
Subpolar Mode Water

5b 200-400 m 1991-2005 59.40 -36.80 3-99 0.55 34.88 0.03

15 Faroe Bank Channel -  
West Faroe Islands

6 Layer between 
100 and  300 m  depth

1988-2000 61.00 -8.00 8.23 0.32 35.24 0.04

16 Faroe Current -  North Faroe Islands 
(Modified North Atlantic Water)

6 Upper-layer, 
high-salinity core

1988-2000 63.00 -6.00 7.92 0.37 35.22 0.04

17 Faroe -  Shetland Channel -  
Shetland Shelf (North Atlantic Water)

7 Upper-layer, 
high-salinity core

1971-2000 61.00 -3.00 9-57 0.15 35.36 0.04

18 Faroe -  Shetland Channel -  Faroe Shelf 
(Modified North Atlantic Water)

7 Upper-layer, 
high-salinity core

1971-2000 61.50 -6.00 7.85 0.25 35.22 0.04

19 Ocean W eather Station "M" -  50 m 10 50 m 1971-2000 66.00 -2.00 7-49 0.34 35-15 0.05

2 0 Southern Norwegian S ea- 
Svin0y Section -  Atlantic Water

10 50-200 m 1977-2000 63.00 3.00 7-99 0.39 35.23 0.05

21 Central Norwegian Sea -  
Gims0y Section -  Atlantic Water

10 50-200 m 1977-2000 69.00 10.00 6.81 0.39 35-15 0.04

2 2 Fugl0ya -  Bear Island Section -  
w estern Barents Sea -  Atlantic Inflow

11 50-200 m 1977-2006 73.00 20.00 5 35 0.52 35.06 0.05

23 Kola Section -  eastern Barents Sea u 0 -200  m 1971-2000 71.50 33.30 3.92 0.49 34.76 0.06

24 Greenland Sea Section-  
w est of Spitsbergen 76.5°N

12 200 m 1996-2008 76.50 10.50 3.08 0.66 35-05 0.04

25 Northern Norwegian Sea -  
S0rkapp Section -  Atlantic Water

10 50-200 m 1977-2000 76.33 10.00 3.80 0.71 35-05 0.05

26 Fram Strait -  West Spitsbergen Current -  
Section average 5°E to  shelf edge

12 50-500 m 1980-2000 78.83 8.00 2.60 0.58 34-99 0.03

27 Santander Station 6 (shelf break) -  
Bay of Biscay -  Spain

4 5-200 m 1993-2000 43.70 - 3 .7 8 12.72 0.18 35.61 0.05

28 Fair Isle Current Water (waters 
entering North Sea from  Atlantic)

8 & 9 0-100 m 1971-2000 59.00 -2.00 9.71 0.34 34.84 0.07

29 UK Coastal Waters -  
Southern Bight -  North Sea

8 & 9 Surface 1971-2000 54.00 0.00

30 Section average -  Felixstowe -  
Rotterdam -  52°N

8 & 9 Surface 1971-2000 52.00 3.00 12.24 0.81 34.65 0.21

31 Helgoland Roads -  coastal w aters -  
German Bight -  North Sea

8 & 9 Surface 1971-2000 54-19 7.90 10.10 0.72 32.11 0.54

32 Baltic Proper -  east of Gotland -  
Baltic Sea

9b Surface 1971-2000 (S) 
1990-2000 (T)

57-50 19.50 8.57 0.86 7-35 0.24
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2.3 Argo gridded temperature and salinity 
fields

In  this section, w e presen t sum m aries of recent 
conditions in  the N orth  A tlantic, as described by 
the grow ing data  resource provided by Argo float 
tem perature  and  salinity profiles. The gridded 
fields w ere generated  by ISAS (In Situ Analysis 
System), a tool developed and  m ain tained  at the 
LPO  (Laboratoire de Physique des O céans) w ith in  
the CREST-Argo project (http://w w z.ifrem er.fr/ 
lpo/observation/crest_argo). The latest version, 
ISAS_V5.2, w as used  to produce m onth ly  gridded 
fields of tem perature  and  salinity at dep th  levels 
of 0-2000 m. The datasets used  are the standard  
files p repared  by Coriolis for operational users and 
contain m ainly Argo profiles, w ith  som e additional 
CTD profiles, and  buoy and m ooring  data.

Figure 4 show s the 2009 seasonal m ean  fields of 
tem perature  and salinity at 10 m  dep th  depicted as 
anom alies from  the reference clim atology (World 
O cean  Atlas, W OA-05). In Figure 5, the 2009 
annual anom aly fields of tem perature  and  salinity 
are p resen ted  at four depths: 10, 300, 1000, and 
1600 m. A nom alies for 2004-2009 at tw o selected 
depths, 10 and  1600 m, are given in  Figures 6 and  7.

Finally, in  Figure 8, the w in ter (February) m ixed- 
layer d ep th  for 2004-2009 is show n. N ote th a t the 
m ixed-layer dep th  (z) is defined as the dep th  w here 
the tem perature has decreased by 0.5°C from  the 
tem perature  m easured  at 10 m  dep th  (T(z) <T(10 
m) -  0.5). This criterion is no t suitable for areas 
w here effects of salinity are im portan t (ice melting) 
or w here the basic stratification is w eak. Therefore, 
results in  the Labrador Sea, around  G reenland, 
and  in the G ulf of Lion are no t significant.

Figure 8 illustrates the regional w in ter m ixed-layer 
developm ent by dem onstrating  the m axim um  
dep th  of the mixed layer in  February 2004-2009. 
In  2008, the w in ter m ixed layer w as generally deep 
in  the eastern  regions, including the Bay of Biscay, 
and  exceptionally deep in  the area of M adeira m ode 
w ater. In contrast, it w as shallow er in 2009 th an  in 
2008 in  the L abrador and  Irm inger seas.

O n  average, during 2009, no rtheast of a line betw een  
Cape Finisterre and  south  of G reenland, the N orth  
A tlantic w as w arm er th an  the clim atology in  the 
near-surface layer (10 m). The w arm  anom aly was 
m ore in tense in the G reenland  Sea, w here there 
has b een  w arm ing  since 2004. The cold anom aly 
in sum m er in  the centre of the basin  dom inates 
the annual m ean  and  appears as the m ost striking 
feature of this year. A  positive salinity anom aly 
has progressed along the w estern  boundary  from 
no rtheast of G reenland to w est of the Labrador 
Sea and  along the coast of N orth  America. This 
saline anom aly replaced the fresh anom aly 
observed in  the L abrador Sea in 2008, a lthough  a 
fresh anom aly  is associated w ith  the coldest areas 
(centre of the basin  and  N ew foundland B anks).The 
cold and  fresh area is still visible at 300 m  depth.

A t greater dep th  (1000 and  1600 m), the G reenland 
Sea is w arm er and  also slightly m ore saline th an  the 
clim atology in  the w estern  part (along G reenland). 
The Irm inger and  Labrador seas are w arm er, 
especially at 1600 m, w here this tem perature 
anom aly  is associated w ith  m ore saline w ater.These 
features have been  gradually developing since 2004. 
A t 1000 m, the influence of the M editerranean  w ater 
(w arm -saline anomaly) increases sou th  of 48°N 
and  decreases n o rth  of th is latitude. A t 1600 m, the 
influence of the M editerranean  w ater appears to be 
reduced.T he tendency  for a decrease in  tem perature  
and  salinity is particularly obvious along the eastern  
boundary.

http://wwz.ifremer.fr/
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Figure 4 .
M a p s  o f 2 0 0 9  seasonal tem perature anom alies (upper) a n d  s a lin ity  anom alies (low er) a t 10  m  dep th  In the N o r th  A tla n tic  f v m  the IS A S  m o n th ly  a n a lysts  o f  A rgo  data.
The colour-coded tem perature scale Is the sa m e In all panels. (A nom alies are the d ifferences betw een the I S A S  m o n th ly  m ean  va lues a n d  the reference clim atology , W O A -0 5 .)
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Figure 5.
Maps o f2009 annual temperature anomalies (left) and salinity anomalies (right) at 10,300,1000, and 1600 m. (Anomalies are 
the differences between the ISAS annual means and the reference climatology (WOA-05). Note the different scales for each map.) 
From the ISAS monthly analysis o f Argo data.
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Figure 6 .
Maps o f annual temperature anomalies (upper) and salinity anomalies (lower) at 10 m for 2004r-2009. From the ISAS monthly analysis o f Argo data.
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Figure 7.
Maps o f annual temperature anomalies (upper) and salinity anomalies (lower) at 1600 m for 2004-2009. From the ISAS monthly analysis o f Argo data.
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Figure 8.
Maps o f North Atlantic winter (February) mixed-layer depths for 2004r-2009. From ISAS monthly analysis o f Argo data. Note that the mixed-layer depth is defined as the depth at which 
the temperature has decreased by more than 0.5°Cfrom the temperature at 10 m depth. This criterion is not suitable for areas where effects o f salinity are important (ice melting) or where 
the basic stratification is weak. Therefore, results in the Labrador Sea, around Greenland, and in the Gulf o f Lion are not significant.
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3. THE NORTH ATLANTIC 
ATMOSPHERE

3.1 Sea level pressure

The N orth  A tlantic Oscillation (NAO) is a pa ttern  
of atm ospheric variability tha t has a significant 
im pact on oceanic conditions. It affects w indspeed, 
precipitation, evaporation, and  the exchange of 
hea t be tw een  ocean and  atm osphere, and  its effects 
are m ost strongly felt in  w inter. The NAO index is 
a sim ple device used  to describe the state of the 
NAO. It is a m easure of the strength  of the sea level 
air pressure gradient betw een  Iceland and  Lisbon, 
Portugal. W hen  the NAO index is positive, there 
is a streng then ing  of the Icelandic low -pressure 
system  and  the Azores h igh-pressure system . This 
produces stronger m id-latitude w esterly  w inds, 
w ith  colder and  drier conditions over the w estern  
N orth  A tlantic and  w arm er and  w etter conditions 
in  the eastern  N orth  A tlantic. W hen  the NAO index 
is negative, there is a reduced pressure gradient, 
and  the effects tend  to be reversed.

There are several slightly different versions of the 
NAO index calculated by climate scientists. The 
H urrell w in ter (D ecem ber/January/February/M arch 
(DJFM)) NAO index is m ost com m only used and  is 
particularly relevant to the eastern  N orth  Atlantic. 
Following a long period of increase, from an extreme 
and  persisten t negative phase in the 1960s to a m ost 
extreme and  persisten t positive phase during the 
late 1980s and  early 1990s, the H urrell NAO index 
underw en t a large and  rapid decrease during w inter 
1995/1996. In  w in ter 2008/2009, the NAO index was 
w eakly negative (0.4; Figure 9).

Since then , the H urrell NAO index has b een  fairly 
w eak  and  a less useful descriptor of atm ospheric 
conditions. However, two additional dom inant 
atm ospheric regim es have recently been  recognized 
as useful descriptors: (i) the A tlantic Ridge m ode, 
w h en  a strong anticyclonic ridge develops off 
w estern  Europe (similar to the East A tlantic pattern): 
and  (ii) the Blocking regim e, w h en  the anticyclonic 
ridge develops over Scandinavia. The four regim es 
(positive NAO, negative NAO, A tlantic Ridge, and 
Blocking) have all b een  occurring at around  the sam e 
frequency (20-30%  of all w in ter days) since 1950. 
These m odes of variability are revealed th rough  
cluster analysis of sea level pressure (SLP) rather 
th an  exam ining p o in t-to -p o in t SLP gradients.

T H E  O C E A N  C A N  R E S P O N D  Q U I C K L Y  T O  T H E  S TATE 

O F  T H E  N A O ,  P A R T I C U L A R L Y  I N W I N T E R ,  W H E N  

A T M O S P H E R I C  C O N D I T I O N S  A F F E C T  T H E  O C E A N  S O  

I N T E N S E L Y T H A T T H E  E F F E C T S A R E  FE LT T H  R O U C  H O U T  

T H E  F O L L O W I N G  YE AR.  S O M E  R E G I O N S ,  S U C H  AS 

T H E  N O R T H W E S T  A T L A N T I C  A N D  T H E  N O R T H  SE A,  

AR E  M O R E  R E S P O N S I V E  T O  T H E  N A O  T H A N  O T H E R  

R E G I O N S ,  S U C H  AS  T H E  R O C K A L L  T R O  U G  H . H O W E V E R ,  

T H E  N A O  IS N O T  T H E  O N L Y ,  O R  E V E N  T H E  M A I N ,  

C O N T R O L O N  O C E A N  VA RI AB I L I T Y.  O V E R T H E  A T L A N T I C  

AS  A W H O L E ,  T H E  N A O  ST I LL  O N L Y  A C C O U N T S  F O R  

O N E - T H I R D  O F  T H E  T O T A L  V A R I A N C E  I N W I N T E R  

S L P .  T H E  C H A O T I C  N A T U R E  O F  A T M O S P H E R I C  

C I R C U L A T I O N  M E A N S  T H A T ,  E V E N  D U R I N G  P E R I O D S  

O F  S T R O N G L Y  P O S I T I V E  O R  N E G A T I V E  N A O  W I N T E R S ,  

T H E  A T M O S P H E R I C  C I R C U L A T I O N  T Y P I C AL L Y E X H I B I T S  

S I G N I F I C A N T  L O C A L  D E P A R T U R E S  F R O M  T H E  

I D E A L I Z E D  N A O  P A T T E R N .
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Figure 9.
The Hurrell winter (DJFM) NAO  
index for the last 100 years with a 
2-year running mean applied (left 
panel) and for the current decade 
(right panel). Data source: http:// 
www.cgd. ucar. edu/cas/jhurrell/ 
nao.stat.winter.html.
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The NAO index is an indicator of the gradient of 
SLP, bu t m aps can provide m ore inform ation about 
the w indfield. O cean properties are particularly 
dom inated  by w in ter conditions, hence the inclusion 
of m aps of SLP for w in ter (DJFM, Figure 10).The top 
panel of Figure 10 show s the w in ter SLP averaged 
over 30 years (1971-2000). The dom inan t features 
("action centres") are the Iceland Low (the purple 
patch  situated  sou thw est of Iceland) and  the Azores 
H igh (the orange patch  w est of G ibraltar).

NCEP/NCAR Reanalysis 
Sea Level Pressure (mb) Composite Mean

The m iddle panel of Figure 10 show s the m ean  SLP 
for w in ter 2009 (D ecem ber 2008, January-M arch 
2009), and  the bo ttom  panel show s the 2009 w inter 
SLP anom aly -  the difference betw een  the top  and 
m iddle panels. In w in ter 2009, the Iceland Low 
w as very close to the 1971-2000 average in  bo th  
strength  and  position, w ith  a slight deepen ing  over 
the Labrador Sea. The A zores H igh w as average 
in  strength , bu t did no t extend eastw ards across 
Portugal and  Spain, leading to the slightly negative 
value for the NAO index. The strength  of the m ean  
surface w ind averaged over the 30-year period 
(1971-2000) is show n in the upper panel of Figure 
11, and  the low er panel show s the anom aly in  w inter 
2009. These re-analyses dem onstrate  th a t the m ean  
w inds w ere w eaker th an  norm al across the eastern  
N orth  A tlantic, sou thern  Labrador Sea, N orthw est 
E uropean continental shelf, and  Baltic, bu t stronger 
th an  norm al east of N ew foundland  and  east of the 
A zores into the M editerranean.

Dec to Mar: 1971 to 2000

T H E  F I G U R E S  S H O W  C O N T O U R S  O F  C O N S T A N T  S E A 

LEVEL P R E S S U R E  ( I S O B A R S ) .  T H E  G E O S T R O P H I C  ( O R  

“ G R A D I E N T ” ) W I N D  B L O W S  P ARAL L E L  W I T H  T H E  

I S O B A R S ,  W I T H  L O W E R  P R E S S U R E  T O  T H E  LEFT.  T H E  

C L O S E R  T H E  I S O B A R S ,  T H E  S T R O N G E R  T H E  W I N D .

Dec to Man 2009
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Figure 10.
Winter (DJFM) sea level pressure (SLP) fields. Top panel: SLP averaged 
over 30 years (1971-2000). Middle panel: mean SLP in winter 2009 
(December 2008, January-March 2009). Bottom panel: winter 2009 
SLP anomaly -  the difference between the top and middle panels. Images 
provided by the NOAA/ESRL Physical Sciences Division, Boulder, CO; 
available online at http://www.cdc.noaa.gov/.
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NCEP/NCAR Reanalysis Figure 11.
1000mb Scalar Wind Speed (m /s) Composite Mean Winter (DJFM) surface windspeed. Upper panel: surface windspeed

averaged over 30 years (1971-2000). Lower panel: winter 2009 
anomaly in surface windspeed. Images provided by the NOAA/ESRL 
Physical Sciences Division, Boulder, CO; available online at http://www. 
cdc.noaa.gov/.

Dec to Mar: 1971 to 2000
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3.2 Surface air temperature

N orth  A tlantic w in ter m ean  surface air tem peratures 
are show n in Figure 12. The 1971-2000 m ean  
conditions (Figure 12, top  panel) show  w arm  
tem peratures penetra ting  far to the no rth  on  the 
eastern  side of the N orth  A tlantic and  the N ordic 
seas, caused by the northw ard  m ovem ent of w arm  
oceanic w ater. The m iddle panel of Figure 12 show s 
the conditions in w in ter (DJFM) 2008/2009, and  the 
bo ttom  panel show s the difference betw een  the 
two. In w in ter 2008/2009, the central N orth  A tlantic 
and  N orw egian Sea surface air tem peratures were 
n ear norm al. In contrast, the surface air tem perature 
over the Labrador, Barents, and  G reenland seas was 
m ore th an  1°C w arm er th an  norm al.

NCEP/NCAR Reanalysis 
Surface air (C) Composite Mean

NOAA/ESRL Physical S e le n e i Division

♦

Dec to Mar: 1971 to 2000
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NCEP/NCAR Reanalysis 
Surface air (C) Composite Mean

NOAA/ESRL Physical Sciences Division
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Figure 12.
Winter (DJFM) surface air temperature fields. Top panel: surface air 
temperature averaged over 30 years (1971-2000). Middle panel: 
temperatures in winter 2009 (December 2008, January to March 2009). 
Bottom panel: winter 2009 surface air temperature anomaly -  the 
difference between the top and middle panels. Images provided by the 
NOAA/ESRL Physical Sciences Division, Boulder, CO; available online 
at http://www.cdc.noaa.gov/.
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4. DETAILED AREA 
DESCRIPTIONS, PART I:
THE UPPER OCEAN

4.1 Introduction

In  this section, w e presen t tim e-series from m any 
sustained observations in each of the ICES Areas. 
The general p a tte rn  of oceanic circulation in  the 
u pper layers of the N orth  A tlantic, in  relation  to 
the areas described here, is given in  Figure 13. In 
addition  to tem perature  and  salinity, we present 
o ther indices w here they  are available, such as air 
tem perature  and  sea ice indices.The text sum m arizes 
the regional context of the sections and  stations, 
no ting  any significant recent events.

M ost standard  sections or stations are sam pled 
annually  or m ore frequently. O ften, the tim e-series 
p resen ted  here have been  extracted from larger 
datasets and  chosen as indicators of the conditions 
in  a particular area. W here appropriate, data are

presen ted  as anom alies to dem onstrate  how  the 
values com pare w ith  the average, or "norm al", 
conditions (usually the long-term  m ean  of each 
param eter during 1971-2000). For datasets tha t 
do no t extend as far back as 1971, the average 
conditions have b een  calculated from  the start of 
the dataset up to 2000.

In places, the seasonal cycle has been  rem oved from 
a dataset, e ither by calculating the average seasonal 
cycle during 1971-2000 or by draw ing on o ther 
sources, such as regional clim atology datasets. 
Sm oothed  versions of m ost tim e-series are included 
using  a "loess sm oother", a locally w eighted  
regression w ith  a tw o- or five-year window.

In som e areas, data are sam pled regularly enough  
to allow  a good description of the seasonal cycle. 
W here this is possible, m on th ly  data from 2009 are 
p resen ted  and  com pared w ith  the average seasonal 
conditions and statistics.

Figure 13.
Schematic o f the general 
circulation o f the upper ocean 
(0-2000 m) in the North Atlantic 
in relation to the numbered areas 
presented below. Blue arrows 
indicate the movement o f the 
cooler waters o f the Subpolar 
Gyre; red arrows indicate the 
movement o f the warmer waters 
o f the Subtropical Gyre.

GaH 5v*tuT
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4.2 Area 1 -  W est G reenland

W E S T  G R E E N L A N D  LI ES AT  T H E  N O R T H E R N  B O U N D A R Y  

O F  T H E  S U B P O L A R  G Y R E  A N D  IS T H U S  S U B J E C T  T O  

C L I M A T I C  V A R I A T I O N S  W I T H I N  T H I S  G Y R E .  T H E  W E S T  

G R E E N L A N D  C U R R E N T  F O L L O W S  T H E  C O N T I N E N T A L  

S L O P E  O F F  W E S T  G R E E N L A N D  A N D  T R AVE L S  

N O R T H W A R D S  T H R O U G H  DA VI S  S T R AI T .  FYLLAS B A N K  

S T A T I O N  4 , L O C A T E D  O N  T H E  B A N K  S L O P E  I N CA.  

9 O O M  O F  W A T E R ,  IS G O V E R N E D  M O S T L Y  BY T H E  W A R M  

C O M P O N E N T  O F  T H E  W E S T  G R E E N L A N D  C U R R E N T  

( b e l o w  1 5 0  M ) .  I N S O M E  YE ARS ,  S H A L L O W  S H E L F  

W A T E R  E X T E N D S  F A R T H E R  O F F S H O R E ,  B R I N G I N G  

C O L D E R  W A T E R  T O  S T A T I O N  4 ( E . G .  I N 19 8 3 ,  I 9 9 2 ,  

A N D  2 O O 2 ) .  L O C A T E D  F A R T H E R  O F F S H O R E ,  C A P E  

D E S O L A T I O N  S T A T I O N  3 H A S  A W A T E R  C O L U M N  T H A T  

IS 3 O O O  M D E E P  A N D  S A M P L E S  T H E  W E S T  G R E E N L A N D  

C U R R E N T  A N D  T H E  D E E P  B O U N D A R Y  C U R R E N T  O F  T H E  

L A B R A D O R  SEA.

W est G reenland lies w ith in  an  area th a t norm ally 
experiences w arm er conditions w h en  the NAO 
index is negative. In  recent years, air tem perature  
conditions around  G reenland  have b een  w arm er 
th an  norm al, despite the positive w in ter NAO index.

The m ean  air tem perature in 2009 w as 1.2°C above 
the m ean  for 1971-2000 and  exceeded 1 standard  
deviation from its long-term  m ean. This reflected 
the air tem perature  over all of w estern  G reenland 
and  w as consistent w ith  the negative NAO index in 
w in ter 2008/2009. The h igh annual air tem perature 
reflected w arm er conditions in w in ter and  sum m er, 
w hereas the rest of the year w as close to norm al.

In 2009, the w ater tem perature at 50 m  dep th  at 
Cape D esolation S tation  3 w as 2.7°C higher than  
the long-term  m ean  (1983-2000).This is the second 
h ighest value in  the tim e-series. The 2009 salinity 
reached the h ighest value of the tim e-series, and 
these observations reflect the properties of the 
Irm inger Sea water, w hich was unusually  w arm  and 
salty w ith  a very shallow  core. The tem perature, 
salinity, and  volum e of Irm inger Sea w ater has 
b een  increasing at the section since the m id-1990s.

The tem perature of the w ater layer at 0-200 m  dep th  
at Fyllas Bank Station 4 in  the no rth ern  section was
1.2°C h igher th an  the long-term  m ean  (1983-2000). 
This also indicates th a t the Irm inger Sea w ater w as 
unusually  w arm , salty, and  shallow  at th is location. 
The tem perature and  salinity of the Surface Polar 
Water, w hich norm ally flows in  the upper 100 m, 
w ere close to their long-term  m eans.

Figure 14 .
A ren  1 -  W es t Greenland.
A n n n a l m ean a ir  tem peratnre a t 
N n n k  w ea ther  s ta tion  (6 4 .1 6 °N  
5 1 .7 5 °W ).

Data Provider Danish Meteorological Institute - Copenhagen and Seewetteramt - Hamburg 
Ref: ICES Report on Ocean Climate 2009
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7 Figure 15 .
A rea  1 -  W es t Greenland. M ea n  
tem pera tnre (npper panel)
a n d  sa lin ity  (low er pa n el) In 
the 0 -2 0 0  m  w a ter  layer a t  
Fyllas Ban '
5 3 .3 7 °W ).

— ■—  Temperature °C 
 5-yr Smoothed Data6

Sta tion  4  (6 3 .8 8 °N5

4

3

2

1

Data Provider: Institut fur Seefischerei - Germany - Institute for S ea  Fisheries 
Ref: ICES Report on Ocean Climate 2009
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7 Figure 16 .
A rea  1 
Tem perature (upper panel) an d  
sa lin ity  (low er pa n el) a t 5 0  m  
a t Cape Desolation S ta tio n  3 
(6 0 .4 5 °N  5 0 °W ).

W es t Greenland.
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Data Provider: Institut fur Seefischerei - Germany - Institute for S ea  Fisheries 
Ref: ICES Report on Ocean Climate 2009
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4.3 Area 2 -  N orthw est A tlantic: Scotian  S h elf 
and the N ew fou n d lan d  and Labrador S h elf

Scotian S h elf

T H E  C O N T I N E N T A L  S H E L F  O F F  T H E  C O A S T  O F  N O V A  

S C O T I A  IS C H A R A C T E R I Z E D  BY C O M P L E X  T O P O G R A P H Y  

C O N S I S T I N G  O F  M A N Y  O F F S H O R E  S H A L L O W  B A N K S  

A N D  D E E P  M I D - S H E L F  B A S I N S .  IT IS S E P A R A T E D  F R O M  

T H E  S O U T H E R N  N E W F O U N D L A N D  S H E L F  BY T H E  

L A U R E N T I A N  C H A N N E L  A N D  B O R D E R S  T H E  G U L F  O F  

M A I N E  T O  T H E  S O U T H W E S T .  S U R F A C E  C I R C U L A T I O N  

IS D O M I N A T E D  BY A G E N E R A L  F L O W  T O W A R D S  T H E  

S O U T H W E S T ,  I N T E R R U P T E D  B Y C L O C K W I S E  M O V E M E N T  

A R O U N D  T H E  B A N  KS A N  D A N T I C L O C K W I S E M O V E M E N T  

A R O U N D  T H E  B A S I N S ,  W I T H  T H E  S T R E N G T H S  V A R Y I N G  

S E A S O N A L L Y .

H Y D R O G R A P H I C  C O N D I T I O N S  O N  T H E  S C O T I A N  

S H E L F  ARE D E T E R M I N E D  BY H E A T  T R A N S F E R  B E T W E E N  

T H E  O C E A N  A N D  A T M O S P H E R E ,  I N F L O W  F R O M  T H E  

G U L F  O F  S T  L A W R E N C E  A N D  T H E  N E W F O U N D L A N D  

S H E L F ,  A N D  E X C H A N G E  W I T H  O F F S H O R E  S L O P E  

W A T E R S .  W A T E R  P R O P E R T I E S  HA V E  LA RGE  S E A S O N A L  

CY CL E S  A N D  ARE M O D I F I E D  BY F R E S H W A T E R  R U N 

O F F ,  P R E C I P I T A T I O N ,  A N D  M E L T I N G  O F  S EA I CE.  

T E M P E R A T U R E  A N D  S A L I N I T Y  E X H I B I T  S T R O N G  

H O R I Z O N T A L  A N D  V E R T I C A L  G R A D I E N T S  T H A T  ARE 

M O D I F I E D  BY D I F F U S I O N ,  M I X I N G ,  C U R R E N T S ,  A N D  

S H E L F  T O P O G R A P H Y .

In 2009, annual m ean  air tem peratures over 
the Scotian Shelf, rep resen ted  by Sable Island 
observations, w ere 0.5°C, corresponding to a 0.7 
standard  deviation (s.d.) above the long-term  m ean  
(1971-2000). The am oun t of sea ice on the Scotian 
Shelf in 2009, as m easured  by the to tal area of ice 
seaw ards of C abot Strait b e tw een  Nova Scotia and  
N e w fo u n d la n d  from  Jan u a ry  to  A pril, w as 
34 000 k m 2, c lose to  th e  lo n g - te rm  m e a n  
coverage  of 39 000 km 2. This is twice the 2008 ice 
cover.

Topography separates the no rtheaste rn  Scotian 
Shelf from the rest of the shelf. In the northeast, 
the  bo ttom  tends to be covered by relatively cold 
w aters (1-4°C), w hereas the basins in  the central 
and  sou thw estern  regions typically have bo ttom - 
w ater tem peratures of 8-10°C . The origin of the 
latter is the offshore slope w aters, w hereas in  the 
northeast, the  w ater comes principally from the 
Gulf of St Lawrence. The in terannual variability 
of the two w ater m asses differs. M easurem ents of 
tem peratures at 100 m  at the M isaine Bank station 
capture the changes in  the northeast. They reveal 
average conditions in  2009, w ith  tem peratures 
slightly above norm al (by 0.25°C, 0.4 s.d.) and 
salinity below  norm al (by 0.11, -0 .8  s.d.). In Em erald 
Basin, tem peratures in  2009 w ere below  norm al at 
250 m  by -1 .3°C  (1.6 s.d.) and  salinity w as below  
norm al (by 0.2, -1 .3  s.d.).

Figure 17 .
A rea  2  -  N o r th w e s t A tlan tic:  
Scotian  Shelf. M o n th ly  m ea n s o f  
lee area seaw ards o f  C abot S tra it  
(npper panel) a n d  a ir tem peratnre  
a t Sable  Island  on the Scotian  
S h e lf  (low er panel).
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Figure IS .
A ren  2  -  N o r th w e s t A tlan tic:
Scotian Shelf. N ear-bo ttom  
tem perahire anom alies (npper 
panel) an d  sa lin ity  anom alies 
(low er panel) a t M isa in e  B a n k  
(100 m).

— ■—  Temperature Anomaly°C 
 5-yr Smoothed Data
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Data Provider: Department of Fisheries and Oceans - Canada 
Ref: ICES Report on Ocean Climate 2009
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Figure 19 .
A rea  2  -  N o r th w e s t A tlan tic:  
Scotian Shelf. N ear-bo ttom  
tem perahire anom alies (npper 
panel) an d  sa lin ity  anom alies 
(low er panel) In the central 
S cohan  S h e lf  (E m erald  B asin  
2 5 0  m).

Data Provider: BIO - Bedford Institute of Oceanography - Fisheries and Oceans Canada 
Ref: ICES Report on Ocean Climate 2009
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N ew fou n d lan d  and Labrador S h elf

T H I S  R E G I O N  IS S I T U A T E D  O N  T H E  W E S T E R N  S I D E  

O F  T H E  L A B R A D O R  S EA,  S T R E T C H I N G  F R O M  H U D S O N  

S T R A I T  T O  T H E  S O U T H E R N  G R A N D  B A N K  A N D  

D O M I N A T E D  BY S H A L L O W  B A N K S ,  C R O S S - S H E L F  

C H A N N E L S  O R  S A D D L E S ,  A N D  D E E P  M A R G I N A L  

T R O U G H S  N E A R  T H E  C O A S T .  C I R C U L A T I O N  IS 

D O M I N A T E D  BY T H E  S O U T H - F L O W I N G  L A B R A D O R  

C U R R E N T  B R I N G I N G  C O L D ,  F R E S H  W A T E R S  F R O M  T H E  

N O R T H ,  T O G E T H E R  W I T H  S E A ICE A N D  I C E B E R G S ,  T O  

S O U T H E R N  A R E A S  O F  T H E  G R A N D  B A N K S .

H Y D R O G R A P H I C  C O N D I T I O N S  ARE D E T E R M I N E D  

BY T H E  S T R E N G T H  O F  T H E  W I N T E R  A T M O S P H E R I C  

CI R C U L A T I O N  O V E R  T H E  N O R T H W E S T  ATLANTI C ( N A O ) ,  

A D V E C T I O N  BY T H E  L A B R A D O R  C U R R E N T ,  C R O S S - S H E L F  

E X C H A N G E  W I T H  W A R M E R  C O N T I N E N T A L  S L O P E  

W A T E R ,  A N D  B O T T O M  T O P O G R A P H Y .  S U P E R I M P O S E D  

ARE LARGE S E A S O N A L  A N D  I N T E R A N N U A L  V A R I A T I O N S  

I N S O L A R  H E A T  I N P U T ,  S E A - I C E  C O V E R ,  A N D  S T O R M -  

F O R C E D  M I X I N G .  T H E  R E S U L T I N G  W A T E R  M A S S  O N  

T H E  S H E L F  E X H I B I T S  LA RGE  A N N U A L  CY CL E S  W I T H  

S T R O N G  H O R I Z O N T A L  A N D  V E R T I C A L  T E M P E R A T U R E  

A N D  S A L I N I T Y  G R A D I E N T S .

The NAO index for 2009 (Iceland-A zores) w as 
close to the long-term  m ean; as a consequence, 
the outflow  of Arctic air m asses to the N orthw est 
A tlantic during  w in ter (D ecem ber-February) 
re tu rned  to norm al.T his resulted  in a slight increase 
in  air tem peratures th roughou t the N orthw est 
A tlantic, from  W est G reenland  to Baffin Island and 
to L abrador and  N ew foundland, relative to 2008, 
w hen  the NAO index w as 0.5 s.d. above norm al. 
A nnual air tem peratures w ere above norm al at 
Labrador (1°C at Cartw right) and  N ew foundland 
(1.4°C at St John's), bu t show ed a significant 
decrease from the record h ighs of 2006. The 
annual sea ice extent on the N ew foundland  and 
Labrador Shelf rem ained below  norm al for the 15th 
consecutive year. However, the spring extent w as 
the h ighest since 1994.

Local w ater tem peratures on the N ew foundland 
and  Labrador Shelf continued to dem onstrate  a 
slight cooling trend, b u t rem ained  above norm al in 
som e areas in  2009. A t the standard  m onitoring  site 
off eastern  N ew foundland (Station 27), the dep th - 
averaged annual w ater tem perature  decreased from 
the record h igh observed in  2006 to only slightly 
above norm al (<0.5 s.d.) in 2009. A nnual surface 
tem peratures at S tation 27 also decreased from 
the 64-year record of 1.7°C (3 s.d.) above norm al 
in 2006 to ca. 0.4°C (0.7 s.d.) above norm al in 
2009. B ottom  tem peratures (176 m) at Station 27 
w ere slightly below  norm al in  2009. U pper-layer 
salinities at S tation  27 w ere above norm al for the 
eigh th  consecutive year; how ever, they  decreased 
from  2008 values.

A robust index of ocean climate conditions in 
eastern  C anadian  w aters is the extent of the cold 
in term ediate layer (CIL) of <0°C w ater overlying 
the continental shelf. This w inter-cooled w ater 
is isolated betw een  the seasonally hea ted  upper 
layer and  the w arm er shelf-slope w ater th roughout 
sum m er and  autum n. D uring the 1960s, w hen  the 
NAO w as well below  norm al and  had  the low est 
value ever in the 20th century, the volum e of CIL 
w ater w as at a m inim um , bu t during the h igh 
NAO years of the early 1990s, the CIL volum e 
reached alm ost record-h igh  values. The area of 
the CIL w ater m ass on the N ew foundland  Shelf 
during 2009 w as below  norm al (<0.5 s.d.) for the 
15th consecutive year, im plying w arm  conditions, 
w hereas off sou thern  Labrador, it w as above norm al 
(cold conditions) by 0.6 s.d., the  largest since 1994.

In sum m ary, ocean tem peratures on the 
N ew foundland  and  L abrador Shelf have decreased 
from  the record highs of 2006, bu t rem ained 
above norm al in m ost areas du ring  2007-2008. In 
2009, they  decreased further, w ith  som e indices 
dem onstra ting  negative anom alies. A  com posite 
climate index, derived from  several meteorological, 
sea-ice, and  oceanographic tem perature  and 
salinity tim e-series, indicated a peak  in 2006, 
bu t this has decreased in recent years, w ith  2008 
ranking sixth h ighest and 2009 ranking 34th in 
60 years of observations. The com posite index is a 
m easure of the overall state of the climate system, 
w ith  positive values generally represen ting  w arm - 
saline conditions and  negative rep resen ting  cold- 
fresh conditions.
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□ata Provider: Northwest Atlantic Fisheries Centre - Canada
Ref: ICES Report on Ocean Climate 2009
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Figure 20 .
A rea  2  -  N o r th w e s t A tla n tic :  
N ew fo u n d la n d  an d  Labrador 
Shelf. M o n th ly  sea-ice areas o f f  
N ew fo u n d la n d  an d  Labrador 
betw een 4 5 ° N  a n d  55°N .

Year

Data Provider: Northwest Atlantic Fisheries Centre - Canada 
Ref: ICES Report on Ocean Climate 2009
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Figure 21 .
A rea  2  -  N o r th w e s t A tla n tic :  
N ew fo u n d la n d  an d  Labrador 
S h e lf  A n n u a l a ir  tem perahire  
anom alies a t C a rtw rig h t on the 
L abrador coast.

Year
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Figure 22 .
A ren  2  -  N o r th w e s t A tlan tic :  
N ew fo u n d la n d  an d  Labrador  
Shelf. A n n u a l depth-averaged  
N ew fo u n d la n d  S h e lf  tem perature  
anom alies (top panel), sa lin ity  
anom alies (m idd le  panel), and  
spa tia l ex ten t o f  cold in term ed ia te  
layer (CIL; bottom  panel).
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4.4 Area 2b -  Labrador Sea

T H  E L A B R A D O R  S EA IS L O C A T E D  B E T W E E N  G R E E N L A N D  

A N D  T H E  L A B R A D O R  C O A S T  O F  E A S T E R N  C A N A D A .  

C O L D ,  L O W - S A L I N I T Y  W A T E R S  O F  P O L A R  O R I G I N  

C I R C L E  T H E  L A B R A D O R  S E A  IN AN  A N T I C L O C K W I S E  

C U R R E N T  S Y S T E M  T H A T  I N C L U D E S  B O T H  T H E  N O R T H -  

F L O W I N G  W E S T  G R E E N L A N D  C U R R E N T  O N  T H E  

E A S T E R N  S I D E  A N D  T H E  S O U T H  F L O W I N G  L A B R A D O R  

C U R R E N T  O N  T H E  W E S T E R N  S I D E .  W A R M  A N D  S A L I N E  

A T L A N T I C  W A T E R S  O R I G I N A T I N G  I N T H E  S U B T R O P I C S  

F L O W  N O R T H  I N T O  T H E  L A B R A D O R  S E A  O N  T H E  

G R E E N L A N D  S I D E  A N D  B E C O M E  C O L D E R  A N D  F R E S H E R  

A S  T H E Y  C I R C U L A T E .

C H A N G E S  I N L A B R A D O R  S E A  H Y D R O G R A P H I C  

C O N D I T I O N S  O N  I N T E R A N N  UAL Tl  M E - S CA L E S  D E P E N D  

O N  T H E  VARI AB L E IN F L U E N C E S  O F  H EAT L O S S  T O  T H E  

A T M O S P H E R E ,  H E A T  A N D  S ALT  G A I N  F R O M  A T L A N T I C  

W A T E R S ,  A N D  F R E S H W A T E R  G A I N  F R O M  M E L T I N G  

A R C T I C  S E A  I CE.  A S E Q U E N C E  O F  S E V E R E  W I N T E R S  

IN T H E  EARLY 1 9 9 0 s  L E D  T O  D E E P  C O N V E C T I O N  

P E A K I N G  I N  I 9 9 3 - I 9 9 4  T H A T  F I L L E D  T H  E U P P E R  2  KM 

O F  T H E  W A T E R  C O L U M N  W I T H  C O L D ,  F R E S H  W A T E R .  

C O N D I T I O N S  H A V E  B E E N  M I L D E R  I N R E C E N T  Y E AR S .  

T H E  U P P E R  LEVELS O F  T H E  L A B R A D O R  S E A  H A V E  

B E C O M E  W A R M E R  A N D  M O R E  SALI  NE  A S  H EAT L O S S E S  

T O T H E  A T M O S P H E R E  H A V E  D E C R E A S E D  AN  D A T L A N T I C  

W A T E R S  H A V E  B E C O M E  I N C R E A S I N G L Y  D O M I N A N T .

The upper 150 m of the west-central Labrador Sea 
warmed by ~1°C and increased in salinity by -0.1 
during the 1990s. Temperatures have been relatively 
stable in recent years, whereas salinity continues to 
increase. Following a warm winter, air temperatures 
in spring and summer 2009 were the coldest since 
the early 2000s, and the upper layer of the sea cooled 
by 0.6°C compared with 2008 conditions.

The 2009 annual mean S ST in the west-central 
Labrador Sea was the lowest observed since 2000, 
but still exceeded the long-term 1971-2000 mean 
by 0.3°C. This was the 16th consecutive year that 
was warmer than normal, but there is a suggestion 
of a recent cooling trend. Each of the past three 
years, including 2008, was cooler than any during 
2003-2006.

T E MP E R A T U R E S  IN T H E  L A B R A D OR  SEA  

J US T A B OV E  N O R M A L ,  BUT S AL I NI TY H I G H .

Tem perature C

Figure 23.
Area 2b -  Labrador Sea. Potential 
temperature (upper panel) and 
salinity (lower panel) at 0-150 
m, from four stations in the west- 
central Labrador Sea (centred 
at 56.7°N 52.5°W). Estimates 
o f seasonal changes based on 
climatology have been removed 
from these spring/early summer 
measurements.

D ata Provider: BIO - Bedford Institute of O ceanography - Fisheries and  O ceans C anada 
Ref: ICES Report on O cean Climate 2009
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Figure 24.
Area 2b -  Labrador Sea. 
Annual mean sea surface 
temperature data from the west- 
central Labrador Sea (56.5°N 
52.5°W). Data obtained from  
the HadISSTl.1 sea ice and sea 
surface temperature dataset, UK 
Meteorological Ofßce, Hadley 
Centre.

Data Provider: BIO - Bedford Institute of Oceanography - Fisheries and Oceans Canada
Ref: ICES Report on Ocean Climate 2009

5.5

5.0

4.5
* Temperature °C 

 5-yr Smoothed Data
4.0

3.5

3.0
1960 1970 1980 1990 2000 2010

Y ear

Data Provider: BIO - Bedford Institute o f Oceanography 
Ref: ICES Report on Ocean Climate 2009

Figure 25.
Area 2b -  Labrador Sea. 
2009 monthly sea surface 
temperature data from the west- 
central Labrador Sea (56.5°N 
52.5°W). Data obtained from  
the HadISSTl.1 sea ice and sea 
surface temperature dataset, UK 
Meteorological Ofßce, Hadley 
Centre.
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4.5 Area 2c -  Mid-Atlantic Bight

T H E  H Y D R O G R A P H I C  C O N D I T I O N S  I N T H E  W E S T E R N  

S L O P E  S EA,  T H E  M I D - A T L A N T I C  B I G H T ,  A N D  T H E  

G U L F  O F  M A I N E  D E P E N D  O N  T H E  S U P P L Y  O F  W A T E R S  

F R O M  T H E  L A B R A D O R  SE A,  A L O N G  B O T H  T H E  S H E L F  

A N D  T H E  C O N T I N E N T A L  S L O P E .  T H E S E  W A T E R S  

H A V E  B E E N  M O N I T O R E D  BY R E G U L A R  E X P E N D A B L E  

B A T H Y T H E R M O G R A P H  ( XBT)  A N D  S U R F A C E  S A L I N I T Y  

O B S E R V A T I O N S  F R O M  C O M M E R C I A L  A N D  F I S H I N G  

V E S S E L S  S I N C E  1 9 7 8 . O N E  S E C T I O N  R U N S  S O U T H E A S T  

O F  N E W  Y O R K  CI TY T O  B E R M U D A  A N D  T H E  O T H E R  

T R A V E R S E S  T H E  G U L F  O F  M A I N E ,  E AS T O F  B O S T O N .  

H Y D R O G R A P H I C  C O N D I T I O N S  T H R O U G H O U T  T H E  

S H E L F ,  I N C L U D I N G  G E O R G E S  B A N K ,  H A V E  A L S O  B E E N  

M O N I T O R E D  A N N U A L L Y  S I N C E  1 9 7 7  BY B O T T O M -  

T R A W L  S U R V E Y S .

generally w arm , as they  have b een  since 2006. 
Figure 28 show s surface tem perature and  bo ttom  
tem perature  anom alies along the XBT line across 
the G ulf of M aine. Surface conditions have stayed 
generally w arm , as they  have b een  since 2006. 
B ottom  tem peratures dem onstrated  a m ore complex 
pattern  of w arm  and  cold anom alies, but, overall, 
w ere w arm er th an  in  the previous year.

The G eorges Bank surface observations (0-30 m) 
come from  a w ide region covering the bank. Figure 
29 show s tem perature  and  salinity anom alies. The 
anom alies are in  original units relative to the m ean  
for 1977-2000. The conditions on  the bank  in  2009 
w ere generally close to the long-term  climatological 
conditions (especially the salinity, w here the 
anom aly is indistinguishable from  zero).

Figure 27 show s surface tem perature and 
bo ttom  tem perature  anom alies along the 
XBT line sou theast of N ew  York City. In  2009, 
conditions at the surface becam e closer to 
the climatological m ean  after generally w arm  
conditions the previous year, especially  over 
th e  central shelf. B ottom  tem p era tu res  stayed

S U R F A C E  WAT E RS  IN T H E  

G U L F  O F  M Al  NE W A R M E R  

T H A N  A V E RAGE  FOR TH E  

PAST F O U R  YEARS.
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Figure 26.
Area 2c -  Mid-Atlantic Bight. 
The three regions o f ongoing 
time-series: GOM  = Gulf of 
Maine (XBT measurements and 
surface samples); GB = Georges 
Bank (CTD stations); MAB 
= central Mid-Atlantic Bight 
(XBT measurements and surface 
samples). The isobaths shown 
range from  100 to 500 m by 100 
m increments, and from 1000 to 
4000 m by 500 m increments. 
Data provider: National Marine 
Fisheries Service, USA.
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Figure 27.
Area 2c -  Mid-Atlantic 
Surface and bottom temperatures 
in the central Mid-Atlantic Bight. 
Upper panel: surface temperature 
anomaly (relative to the base 
period o f 1978-2007) from  XBT  
measurements; the origin o f the 
line isNewYork City. Lowerpanel: 
bottom temperature anomaly 
from XBT measurements. Data 
provider: National Marine
Fisheries Service, USA. The 
data are truncated at 160 km to 
avoid artefacts resulting from  
incursions o f shelf/slope and Gulf 
Stream fronts.
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Figure 28.
Area 2c -  Mid-Atlantic 
Surface and bottom temperature 
in the Gulf o f  Maine. Upper 
panel: surface temperature
anomaly (relative to the base 
period o f 1978-2007) from XBT  
measurements; the origin of 
the line is Boston. Lower panel: 
bottom temperature anomaly 
from XBT measurements. Data 
provider: National Marine
Fisheries Service, USA.
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Figure 29.
A ren  2 c  -  M id -A tla n tic  
T im e-series p lo ts  o f  0 -3 0  m  
averaged tem perature a n o m a ly  
(upper panel) a n d  sa lin ity  
a n o m a ly  (low er p a n el) a t Georges 
B ank. D ata  provider: N a tio n a l  
M a rin e  F isheries Service, U SA .
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Data Provider: NOAA Fisheries NEFSC - Oceanography Branch 
Ref: ICES Report on Ocean Climate 2009
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□ata Provider: NOAA Fisheries NEFSC /  Oceanography Branch
Ref: ICES Report on Ocean Climate 2009
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Figure 30.
A rea  2 c  -  M id -A tla n tic  
2 0 0 9  m o n th ly  tem peratures 
( 0 -3 0  m ) a t Georges B ank.

Month

Voluntary observing ships

► Many o f  th e  d a ta  p r e sen ted  here are collected f rom  com m erc ia l  vesse ls  th a t  voluntar ily m ake  ocean  m e a s u re m e n t s  a long  the ir  
journeys.  The resu lts  f rom  m on th ly  sa m p lin g  o f  surface  and  b o t to m  t e m p e r a tu r e s  for  nearly th re e  d e c a d e s  reveal th e  pow er  o f  
sy s tem a t ic  o r  r epea t  sa m p lin g  f rom  m e rc h a n t  m ar ine  vesse ls .  A n u m b e r  o f  vesse ls  are  now o p e ra t in g  a u to m a te d  sy s tem s  to  sa m p le  
t e m p e r a tu re  and  salinity while underway. The key to  su c c e s s  with th e s e  is to  e n s u re  th a t  th e  d a ta  b e c o m e  available a s  so o n  as th e  
vessel  m ak es  a por t  call. T here  is a p re ss in g  need  for m erch an t -m ar in e -o p t im ize d  t e c h n iq u e s  to  t rack  and  repo r t  d a ta  f rom  th e  ocean  
in a t imely fashion .

The sec t ion  e a s t  o f  Boston  has d e p e n d e d  u p o n  o b se rv a t io n s  f rom  var ious vessels ,  including th o s e  f rom  Eimskipafelag, Caribou 
Seafoods ,  th e  US C oast  G uard ,  and H a n s  Speck  and Son. Their  co o p era t io n  is greatly apprec ia ted .

32/33

Deployment ofCTDfrom EV Polarstern. Image courtesy o f Agnieszka Beszczynska-Möller, AW I, Germany.
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4.6 A rea  3 -  I c e la n d ic  W aters

I C E L A N D  IS A T  T H E  M E E T I N G  P LACE  O F  W A R M  A N D  

C O L D  C U R R E N T S .  T H E S E  C O N V E R G E  IN AN  A R E A  O F  

S U B M A R I N E  R I D G E S  ( G R E E N  LAN D - S C O T L A N  D R I D G E ,  

RE Y K J A N E S  R I D G E ,  KO L B E I  N S E Y  R I D G E )  T H A T  F O R M  

N A T U R A L  B A R R I E R S  T O  T H E  M A I N  O C E A N  C U R R E N T S .  

T H E  W A R M  I RM I N G E R  C U R R E N T ,  A B R A N C H  O F  T H E  

N O R T H  A T L A N T I C  C U R R E N T  ( 6 - 8 ° C ) ,  F L O W S  F R O M  

T H E  S O U T H ,  A N D  T H E  C O L D  E A S T G R E E N L A N D  

A N D  E A S T I C E L A N D I C  C U R R E N T S  ( - 1 0 ° C  T O  2 ° C)  

F L O W  F R O M  T H E  N O R T H .  D E E P  B O T T O M  C U R R E N T S  

IN T H E  S E A S  A R O U N D  I C E L A N D  ARE P R I N C I P A L L Y  

T H E  O V E R F L O W  O F  C O L D  W A T E R  F R O M  T H E  

N O R D I C  S E A S  A N D  T H E  A R C T I C  O C E A N  O V E R  T H E  

S U B M A R I N E  R I D G E S  I N T O  T H E  N O R T H  A T L A N T I C .

H Y D R O G R A P H I C  C O N D I T I O N S  I N I C E L A N  D I C  W A T E R S  

ARE G E N E R A L L Y  C L O S E L Y  R E L A T E D  T O  A T M O S P H E R I C  

O R  CL I MAT I C C O N D I T I O N S  IN A N D  O V E R  T H E  C O U N T R Y  

A N D  T H E  S U R R O U N D I N G  S E A S ,  M A I N L Y  T H R O U G H  

T H  E I C E L A N D  L O W - P R E S S U R E  A N D  G R E E N L A N D  H I G H -  

P R E S S U R E  S Y S T E M S .  T H E S E  C O N D I T I O N S  I N  T H E  

A T M O S P H E R E  A N D  T H E  S U R R O U N D I N G  S E A S  A F F E C T  

B I O L O G I C A L  C O N D I T I O N S ,  E X P R E S S E D  T H R O U G H  

T H E  F O O D  C H A I N  I N T H E  W A T E R S ,  I N C L U D I N G  

R E C R U I T M E N T  A N D  A B U N D A N C E  O F  C O M M E R C I A L L Y  

I M P O R T A N T  F I S H  S T O C K S .

In 2009, mean air temperatures in the south 
(Reykjavik) and north (Akureyri) were above the 
long-term averages. During the year, temperature 
and salinity levels south and west of Iceland 
remained high, with the highest salinity in almost 
40 years occurring in 2009. In the north, summer 
and autumn temperatures and salinities of surface 
layers were above average. Salinity and temperature 
in the East Icelandic Current in spring 2009 were 
above average.

T E MP E R A T U R E  A N D  S ALI NI TY  

A R O U N D  I C E L A N D  A B OV E  

AVE RAGE  IN 2 O O 9 .

Figure 31.
Area 3 -  Icelandic waters. Main 
currents and location o f  standard 
sections in Icelandic waters.
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Data Provider: Hafrannsoknastofnunin - Iceland - Marine Research Institute 
Ref: ICES Report on Ocean Climate 2009

6.5 Figure 32.
A rea  3  -  Icelandic  w aters. 
M e a n  a n n n a l a ir  tem peratnre  
a t R eykjaznk (npper pa n el) an d  
A k n re yr i (low er panel).
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Data Provider: Hafrannsoknastofnunin - Iceland - Marine Research Institute 
Ref: ICES Report on Ocean Climate 2009
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6 Figure 33.
Icelandic  w aters. 

Tem peratnre (npper p a n e l) an d  
sa lin ity  (low er panel) a t 5 0 -1 5 0  m  
a t S ig lnnes S ta tio n s  2 - 4  In N o r th  
Icelandic  w aters.
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Ref: ICES Report on Ocean Climate 2009
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Figure 34.
A rea  3  -  Icelandic  w aters. 
Tem perature (upper pa n e l) and  
sa lin ity  (low er pa n el) a t  0 -2 0 0  m  
a t Selvogsbanki S ta tio n  5  In 
S o u th  Icelandic  w aters.
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□ata Provider: Hafrannsoknastofnunin - Iceland - Marine Research Institute 
Ref: ICES Report on Ocean Climate 2009
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Figure 35.
A rea  3  -  Icelandic  w aters. 
Tem perature (upper pa n e l) and  
sa lin ity  (lower panel) a t 0 -5 0  m  
In the E a st Icelandic C urren t 
(Tanganes S ta tio n s  2 -6 ).
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4.7 Area 4 -  Bay of Biscay and eastern North 
Atlantic

T H E  BAY O F  BI S C A Y  IS L O C A T E D  I N T H E  E A S T E R N  N O R T H  

A T L A N T I C .  ITS G E N E R A L  C I R C U L A T I O N  F O L L O W S  T H E  

S U B T R O P I C A L  A N T I C Y C L O N I C  G Y R E  A N D  IS RE LATI VE LY 

W E A K .  I N T H E  S O U T H E R N  P A R T O F T H E  BAY O  F BI SCAY,  

E A S T - F L O W I N G  S H E L F  A N D  S L O P E  C U R R E N T S  R E L AT E D 

T O  T H E  I B E R I A N  P O L E W A R D  C U R R E N T  ARE C O M M O N  

I N A U T U M N  A N D  W I N T E R  AS  A R E S U L T  O F  W E S T E R L Y  

W I N D S .  I N S P R I N G  A N D  S U M M E R ,  E AS T ERLY W I N D S  

ARE D O M I N A N T ,  A N D  C O A S T A L  U P W E L L I N G  E V E N T S  

ARE F R E Q U E N T .

The year 2009 w as one of contrasts in  the Bay of 
Biscay; the w hole year w as close to average, bu t 
w ith  a cold w in ter and  early spring, and  a w arm  
late spring, sum m er, and  autum n. A nnual m ean  
air tem perature over the sou thern  Bay of Biscay 
during 2009 w as 0.38°C higher th an  the average 
value for the 1971-2000 period, b u t ca. 1°C low er 
th an  the w arm  years of 2003 and  2006. The 2009 
p a tte rn  of cold w in ter and  w arm  sum m er is similar 
to the p a tte rn  observed in  2005 and  2006, w hen  
large w in ter m ixed-layer dep ths w ere recorded. 
As expected, the SST reflected the colder-w arm er 
pattern , w ith  h igh  tem peratures in  June and  July, 
in  contrast to the cold w in ter and  spring, and  fast 
cooling from  N ovem ber to D ecem ber. This pa ttern  
w as driven by the fluctuations in  air tem perature 
and  w ind direction, related  to the frequency of 
cloudy and  rainy days and  the subsequent reduction  
in  solar radiation.

The p a tte rn  for subsurface and  in term ediate w ater 
differs from the air and  SST pattern . The sequence 
of cold w inters w ith  deep m ixed layers in  2005 and 
2006, followed by an  anom alous w arm  and  shallow  
m ixed layer in  2007, w as reflected in shallow  w ater 
m asses, w hereas at in term ediate levels, a continued 
w arm ing  and  increase in  salinity w as taking place.
The cold period from  au tum n  2008 to early spring 
2009 generated  a w in ter mixed layer at ca. 250 m 
depth , w hich w as colder and  slightly less saline than  
in previous years. In  addition, for the first tim e in 
the series, there w as a slight cooling and  freshening 
at the low er levels of central w aters.

This area is occasionally affected by a strong 
high-salin ity  signal at the shelf and  shelf break, 
a ph en o m en o n  typically associated w ith  the 
advection of w aters of subtropical origin th rough  the 
Iberian  Poleward C urren t (IPC). In 2008, the trend  
of increasing salinity tha t started  in  2003 reached 
a m axim um  because of a strong IPC episode.
However, in  2009, no IPC signal w as observed, 
and  the h igh rainfall and  river run-off, com bined 
w ith  strong  cooling and  tu rbu len t m ixing in  w inter, 
reduced the salinity and  heat con ten t of the w ater 
colum n.
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C O L D  T E MP E R A T U R E S  A N D  S T R O N G  F R E S HWA T E R  

I N P U T  IN W I N T E R  2 O O 9  R E D U C E D  U P P E R  O C E A N  

HE AT C O N T E N T  A N D  S ALI NI TY IN BI SCAY A N D  

T H E  EAS TERN N O R T H  ATLANTI C.

CTD deployment. Image courtesy ofMenchu Rodriguez, IEO, Spain.
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Data Provider: AZTI and Aquarium of San Sebastian (SOG) 
Ref: ICES Report on Ocean Climate 2009

Figure 36 .
A ren  4  -  B a y  o f  B isca y  an d  
eastern N o r th  A tla n tic . Sea 
snrface tem peratnre (npper panel)  
a n d  a ir tem peratnre (tow er panel)  
a t Sa n  Sebastian  (4 3 ° 1 8 .5 'N  
0 2 °2 .3 7 'W ).
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Data Provider: AZTI and Igeldo Meteorological Observatory (INM) in San Sebastian - Spain 
Ref: ICES Report on Ocean Climate 2009
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A rea  4  -  B a y  o f  B isca y  an d  
eastern N o r th  A tla n tic . P otential 
tem pera tnre (npper panel)  
a n d  sa lin ity  (low er pa n el) a t 
S a n ta n d er  S ta tio n  6 (5 -3 0 0  m).
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Figure 38.
Area 4 - Bay o f  Biscay and 
eastern North Atlantic. 2009 
monthly temperature (left panel) 
and salinity (right panel) at 
Santander Station 6 (5-300 m).

4.8 Area 4b -  Northwest European 
continental shelf

Western English Channel

S T A T I O N  El  ( 5 0 . 0 3 ° N  4 . 3 7 ° W )  IS S I T U A T E D  I N T H E  

W E S T E R N  E N G L I S H  C H A N N E L  A N D  IS M A I N L Y  

I N F L U E N C E D  BY N O R T H  A T L A N T I C  W A T E R .  T H E  

W A T E R  D E P T H  IS 75  M ,  A N D  T H E  S T A T I O N  IS T I DA LL Y 

I N F L U E N C E D  BY A 1.1 K N O T  M A X I M U M  S U R F A C E  

S T R E A M  AT M E A N  S P R I N G  T I D E .  T H E  S E A B E D  IS 

M A I N L Y  S A N D ,  R E S U L T I N G  I N A L O W  B O T T O M  S T R E S S  

( 1 - 2  E R G S  C M  2 S ' 1) .  T H E  S T A T I O N  M A Y  BE D E S C R I B E D  

AS  O C E A N I C  W I T H  T H E  D E V E L O P M E N T  O F  A S E A S O N A L

t h e r m o c l i n e ; s t r a t i f i c a t i o n  t y p i c a l l y  s t a r t s  i n

EARLY A P R I L ,  PE RSI S T S  T H  R O U G  H O U T  S U M M E R,  A N  D IS 

E R O D E D  BY T H  E E N D O F  O C T O B E R .  T H E  T Y P I C A L  D E P T H  

O F T H E  S U M M E R T H E R M O C L I N E  IS A R O  U N D  2 0  M . T H  E 

S T A T I O N  IS G R E A T L Y  A F F E C T E D  BY A M  Bl E N T  W E A T H  E R.

M E A S U R E M E N T S  H A V E  B E E N  T A K E N  AT T H I S  S T A T I O N  

S I N C E  T H E  E N D  O F  T H E  I 9 T H  C E N T U R Y ,  W I T H  DATA 

C U R R E N T L Y  AVAI LABL E S I N C E  I 9 O 3 . T H E  S E R I E S  IS 

U N B R O K E N ,  A P A R T  F R O M  T H E  G A P S  F O R  T H E  T W O  

W O R L D  W A R S  A N D  A H I A T U S  I N F U N D I N G  B E T W E E N  

1 9 8 5  A N D  2 0 0 2 .  T H E  DA T A T A KE S  T H E  F O R M  O F  

V E R T I C A L  P R O F I L E S  O F  T E M P E R A T U R E  A N D  S A L I N I T Y .  

EARLY M E A S U R E M E N T S  W E R E  T A K E N  W I T H  R E V E R S I N G  

M E R C U R Y - I N - G L A S S  T H E R M O M E T E R S  A N D  D I S C R E T E  

S A L I N I T Y  B O T T L E S .  M O R E  R E C E N T L Y ,  E L E C T R O N I C  

E Q U I P M E N T  ( S E A B I R D  C T O )  H A S  B E E N  U T I L I Z E D .

The tim e-series dem onstrates considerable 
in terannual variability in tem perature. In 2009, 
S tation  E l w as sam pled on  15 occasions, w ith  no 
sam pling occurring during  A ugust and  Novem ber. 
The m inim um  recorded surface tem perature 
(February) w as 9.1°C, and  the m axim um  surface 
tem perature  (Septem ber) w as 16.4°C. The 
tem peratures for the year as a w hole w ere close to 
average th roughout, a lthough  slightly cooler than  
the long-term  m ean  in  spring and  early sum m er 
(as in  2008). The au tum n period  w as particularly 
w arm , w ith  tem peratures greater th an  2 standard  
deviations above the m ean.

A V E R AGE  T E M P E R A T U R E  FOR  

M O S T  O F  T H E  YEAR,  BUT A 

VERY WA R M A U T U M N  IN T H E  

WE S T E R N  E N G L I S H  C H A N N E L

3 8 /3 9
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Figure 39.
A rea  4b  -  N o r th w e s t  European  
co n tin en ta l shelf. Tem perahire  
a nom alies (upper pa n el) and  
sa lin ity  a nom alies (low er panel)  
o f  surface w a ter  a t S ta tio n  E l  
In the w estern  E nglish  C hannel  
(5 0 .0 3 ° N  4 .3 7 °W ).

4
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Data Provider: Marine Biological Association and Plymouth Marine Laboratory 
Ref: ICES Report on Ocean Climate 2009
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Figure 40.
A rea  4b  -  N o r th w e s t  European  
con tin en ta l s h e l f  2 0 0 9  m o n th ly  
tem pera ture (left p a n el) and  
s a lin ity  (righ t p a n e l) o f  surface  
w a te r  a t  S ta tio n  E l  In the w estern  
E nglish  C hannel (5 0 .0 3 °N  
4 .3 7 °W ).

Data Provider: MBA and PML - UK 
Ref: ICES Report on Ocean Climate 2009
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North and southwest of Ireland

T H E  Tl  M E- SERI  ES O F  S U R F A C E  O B S E R V A T I O N S  AT 

T H E  M A L I N  H E A D  C O A S T A L  S T A T I O N  ( T H E  M O S T  

N O R T H E R L Y  P O I N T  O F  I R E L A N D )  IS I N S H O R E  O F  

C O A S T A L  C U R R E N T S  A N D  I N F L U E N C E D  BY R U N - O F F .  

A N  O F F S H O R E  W E A T H E R  B U O Y  H A S  B E E N  M A I N T A I N E D  

AT 5 1 . 2 2 " N  1 0 . 5 5 " W  O F F  T H E  S O U T H W E S T  C O A S T  O F  

I R E L A N D  S I N C E  M I D - 2 0 0 2 ,  W H E R E  S E A S U R F A C E  

T E M P E R A T U R E  DA TA ARE M E A S U R E D  H O U R L Y .

At M alin H ead, sea surface tem peratures have been  
increasing since the late 1980s, and  those for the 
m id -2000s w ere the h ighest since records began  in 
1960. N o data are available for 2009.

At the M3 buoy, there is considerable in terannual 
variability, w ith  the w arm est recorded sum m er 
tem peratures in  2003 and  2005, and  the w arm est 
w in ter tem peratures in  2007. In  2009, tem peratures 
w ere below  the tim e-series m ean  (2003-2009) until 
au tum n, w h en  they  rose until they  w ere sim ilar to 
the tim e-series m ean  for the rem ainder of the year.

□ata Provider: Marine Institute/Met Elreann - Ireland 
Ref: ICES Report on Ocean Climate 2009

12.0
Figure 41.
A rea  4b -  N o r th w e s t  European  
co n tinen ta l shelf. Tem perahire a t 
the  M a tin  H ea d  coastal s ta tion  
(5 5 .3 9 °N  7 .3 8 °W ).
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Figure 42.
Area 4b -  Northwest European 
continental shelf. 2008 monthly 
temperature at the M 3 Weather 
Buoy southwest o f Ireland 
(51.22°N 10.55°W). No salinity 
data collected at this station.

4 0 /4 1



ICES Cooperative Research Report No.304

Figure 43.
Area 5 -  Rockall Trough. 
Temperature (upper panel) and 
salinity (lower panel) for the 
upper ocean (0-800 m).

4.9 Area 5 -  Rockall Trough

T H E  R O C K A L L  T R O U G H  IS S I T U A T E D  W E S T  O F  B R I T A I N  

A N D  I R E L A N D  A N D  IS S E P A R A T E D  F R O M  T H E  I C E L A N D  

B A S I N  BY H A T T O N  A N D  R O C K A L L  B A N K S ,  A N D  

F R O M  T H E  N O R D I C  S E A S  BY T H E  S H A L L O W  (5O O  M )  

WYVI  L L E - T H O M S O N  R I D G E .  IT A L L O W S  W A R M  N O R T H  

A T L A N T I C  U P P E R  W A T E R  T O  R E A C H  T H E  N O R W E G I A N  

S E A ,  W H E R E  IT IS C O N V E R T E D  I N T O  C O L D ,  D E N S E  

O V E R F L O W  W A T E R  AS P ART  O F  T H E  T H E R M O H A L I N E  

O V E R T U R N I N G  I N T H E  N O R T H  A T L A N T I C .  T H E  U P P E R  

W A T E R  C O L U M N  IS C H A R A C T E R I Z E D  BY P O L E W A R D -  

M O V I  N G  E A S T E R N  N O R T H  A T L A N T I C  W A T E R ,  W H I C H  IS 

W A R M E R  A N D  S A L T I E R  T H A N  W A T E R S  O F  T H E  I C E L A N D  

B A S I N ,  W H I C H  A L S O  C O N T R I B U T E  T O  T H  E N O R D I C  S E A  

I N F L O W .
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The latest m easurem en ts in  the Rockall Trough 
w ere m ade in  June 2009. Both tem perature  and 
salinity of the u pper 800 m  betw een  Rockall and 
the H ebridean  continental shelf rem ained h igher 
th an  the long-term  m ean. Tem perature peaked in 
O ctober 2006 and  has dem onstrated  a decrease 
of ca. 0.3°C since then . Conversely, salinity has 
rem ained high, w ith  m easurem ents in 2008 and 
2009 m atch ing  the previous all-tim e h igh seen in 
2003. However, such variability is no t considered 
significant in the long-term  trend.

T E MP E R A T U R E  A N D  S ALI NI TY R E MAI N  H I G H  IN 2 0 0 9  IN 

T H E  ROCKALL T R O U G H .
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4.10 Area 5b -  Irminger Sea

T H E  I R M I N G E R  S E A  IS T H E  O C E A N  B A S I N  B E T W E E N  

S O U T H E R N  G R E E N L A N D ,  T H E  R E Y K J A N E S  R I D G E ,  A N D  

I C E L A N D .  T H I S  A R E A  F O R M S  P A R T  O F  T H E  N O R T H  

A T L A N T I C  S U B A R C T I C  A N T I C Y C L O N I C  G Y R E .  AS A 

R E S U L T  O F  T H I S  G Y R E ,  T H E  E X C H A N G E  O F  W A T E R  

B E T W E E N  T H E  I R M I N G E R  S E A  A N D  T H E  L A B R A D O R  

S E A  IS RE LATI VE LY F AST.  T H E  I R M I N G E R  S E A  IS 

I N F L U E N C E D  BY W A R M  S A L I N E  W A T E R  C O M I N G  F R O M  

T H E  I C E L A N D  B A S I N ,  W H I C H  R E A C H E S T H E  N O R T H E R N  

B A S I N  FI RS T .

In 2004, the Subpolar M ode W ater (SPMW) in the 
centre of the Irm inger Sea, in  the pressure interval 
200-400 dbar, reached its h ighest tem perature and 
salinity since 1991. Since then , a slight cooling 
and  freshening has occurred, related  to a lack of 
convective activity. In w in ter 2007/2008, convection 
in the SPM W  reached dep ths of at least 1000 m, 
resulting  in  a tem perature  decrease of nearly  1°C 
and  a salinity decrease of 0.03 from  2007 to 2008, 
sim ilar to the SPM W  change observed after the 
cold w in ter of 1999/2000. In  2009, the cooling 
trend  of the SPM W  continued, w ith  a decrease 
of nearly  0.1°C. The salinity in 2009 increased 
by 0.004 relative to 2008 observations, bu t the 
decreasing trend  since 2004 is still significant.

In the no rth ern  Irm inger Sea, how ever, the 
SPM W  (200-500 m) dem onstrated  a large rise in 
tem perature  and  salinity in  2009, reversing the 
cooling-freshening trend  betw een  2004 and  2008. 
In addition, the 0-200 m  surface layer dem onstrated  
a record-h igh  salinity in  2009 and  early 2010.

C O O L I N G  A N D  F R E S H E N I N G  S I N C E  2 O O4  IN T H E  C E N T R AL  I R M I N G E R  

SEA,  BUT H I G H E R  S ALI NI TY IN T H E  N O R T H .

4 2 /4 3

Deployment o f Seabird CTDfrom FRV Alba na Mara. Image courtesy o f Marine Scotland, Aberdeen UK.



ICES Cooperative Research Report N o.304

Figure 44.
A rea  5b  -  Irm in g er  Sea.
Tem perature (panel a) and  
sa lin ity  (panel b) o f  Subpo lar
M o d e  W a ter  in the central
Irm in g er  Sea (averaged over
2 0 0 -4 0 0  m), a n d  tem peratnre  
(panel c) a n d  s a lin ity  (panel d) 
o f  S ubpo lar M o d e  W a te r  in the  
northern  Irm in g er  Sea (S ta tion  
FX9, 6 4 ° 2 0 ’N  25  0 4 Vi averaged  
over 2 0 0 -  50 0  m).

55

50

45

4 j0

35

' Temperature °C
30

Data Provider: Koninklijk Nederlands Instituut voor Zeeonderzoek (NIOZ) - Royal Netherlands Institute for Sea Research
Ref: ICES Report on Ocean Climate 2009

34.96

34.94

34.92

34.90

34.88

34.1 — •—  Salinity

1990 1995 2000 2005 2010
Year

80

75

70

65

60

55

Temperature °C
50

Data Provider: Hafrannsoknastofnunin - Iceland - Marine Research Institute 
Ref: ICES Report on Ocean Climate 2009

35.20

35.15

35.10

35.05

35.00

— •—  Salinity
34.95

1990 1995 2000 2005 2010
Year



ICES Report on Ocean Climate 2009

4.11 Area 6 -  Faroe Bank Channel and 
Faroe Current

O N E  B R A N C H  O F  T H E  N O R T H  A T L A N T I C  C U R R E N T  

C R O S S E S  T H E  C  RE E N LAN D - S C O T L A N  D R I D G E  O N  

B O T H  S I D E S  O F  T H E  F A R O E S .  ITS P R O P E R T I E S  ARE 

S A M P L E D  BY T H E  F A R O E  B A N K  C H A N N E L  B E F O R E  IT 

C R O S S E S  T H E  R I D G E ,  A N D  BY T H E  F A R O E  C U R R E N T  

A F T E R  IT C R O S S E S  T H E  R I D G E .

Tem perature and  salinity of the upper w aters in 
the Faroe region have generally increased since 
the m id-1990s. Salinities increased from 2008 to 
2009, reaching a record h igh  in  N ovem ber 2009, 
w hereas tem peratures w ere sim ilar to those in  the 
early 2000s. C onditions still rem ain  exceptionally 
w arm  and saline in the century-long perspective 
given by the Faroe coastal tem perature tim e-series, 
although, like all coastal and  shelf tim e-series, this 
is affected by atm ospheric and  terrestrial effects. In 
2009, the annual average Faroe coastal tem perature 
w as equal to the record-h igh  tem perature  in  2003.

9.5
— '—  Temperature nC 
 2-yr Smoothed Data

9.0

85

8.0

75

Figure 45.
A ren  6 -  Faroe B a n k  C hannel 
an d  Faroe C n rren t Tem peratnre  
a n o m a ly  (npper p a n e l) an d  
s a lin ity  a n o m a ly  (low er panel)  
in the  A tla n tic  W a ter  in the Slope  
C nrrent.

Data Provider: Havstovan - Faroe - Faroe Marine Research Institute 
Ref: ICES Report on Ocean Climate 2009
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Figure 46.
Area 6 -  Faroe Bank Channel and 
Faroe Current. Temperature (upper 
panel) and salinity (lower panel) 
in the core o f the Faroe Current 
(maximum salinity averaged over 
a 50 m deep layer).

Figure 47.
Area 6 -  Faroe Bank Channel 
and Faroe Current. 2009 monthly 
temperature data from  the Faroe 
coastal station at Oyrargjogv 
(62.12°N 7.17°W). Note the 
average values were calculated 
from the nearby station at 
Mykines (69.10°N 7.66°W).
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4.12 Area 7 -  Faroe-Shetland Channel

T H  E C O N T I N E N T A L  S L O P E  C U R R E N T  F L O W S  A L O  N G  T H  E 

E D G E  O F  T H E  N O R T H W E S T  E U R O P E A N  C O N T I N E N T A L

s h e l f ; o r i g i n a t i n g  i n  t h e  s o u t h e r n  r o c k a l l

T R O U G H .  IT C A R R I E S  W A R M ,  S A L I N E  A T L A N T I C  W A T E R  

( a w ) I N T O  T H E  F A R O E - S H E T L A N D  C H A N N E L .  A 

P R O P O R T I O N  O F  T H I S  A W  C R O S S E S  O N T O  T H E  S H E L F  

I T S E L F  A N D  E N T E R S  T H E  N O R T H  S E A ,  W H E R E  IT IS 

D I L U T E D  W I T H  C O A S T A L  W A T E R  A N D  E V E N T U A L L Y  

L EAVE S  I N  T H E  N O R W E G I A N  C O A S T A L  C U R R E N T .  T H E  

R E M A I N D E R  E N T E R S T H E  N O R W E G I A N  S E A T O  B E C O M E  

T H E  N O R W E G I A N  A W .  M O D I F I E D  N O R T H  A T L A N T I C  

W A T E R  E N T E R S  T H E  F A R O E - S H E T L A N D  C H A N N E L  

F R O M  T H E  N O R T H  A F T E R  C I R C U L A T I N G  A R O U N D  T H E  

F A R O E  I S L A N D S .  T H I S  S E C O N D  B R A N C H  O F  A W  J O I N S  

T H E  W A T E R S  O R I G I N A T I N G  I N T H E  S L O P E  C U R R E N T  

A N D  A L S O  E N T E R S  T H E  N O R W E G I A N  SE A.

The temperature and salinity of the surface waters 
of the Faroe-Shetland Channel have generally 
increased over the past two decades. The water 
on the western slopes of the Channel, known as 
modified North Atlantic Water, reached record-high 
levels of temperature and salinity in 2009.This water 
is thought to have passed into the Faroe-Shetland 
Channel from north of Faroe. On the eastern side 
of the Faroe-Shetland Channel, both salinity and 
temperature remained high, although they have 
declined slightly since the re cord-high salinities 
observed in 2003/2004.

2.0 Figure 48.
A ren  7 -F a r o e -S h e tla n d  C hannel. 
Teniperahire a n o m a ly  (npper  
pa n el) a n d  sa lin ity  a n o m a ly  
(low er pa n el) in the A tla n tic  
W a ter  in the  Slope Cnrrent.
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Figure 49.
A rea  7  -  F a ro e-S h e tla n d
Channel. T em peratnre a n o m a ly  
(npper panel) a n d  sa lin ity  
a n o m a ly  (low er pa n el) in the  
M o d ifie d  A tla n tic  W a ter  en tering  
the F a ro e -S h e tla n d  C hannel f iv m  
the no rth  a fter  c ircn la ting  a ronnd  
the Faroes.
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4.13 Areas 8 and 9 -  Northern and southern 
North Sea

N O R T H  S E A  O C E A N O G R A P H I C  C O N D I T I O N S  ARE 

D E T E R M I N E D  BY T H E  I N F L O W  O F  S A L I N E  A T L A N T I C  

W A T E R  ( AW)  A N D  T H E  O C E A N —AT  M O S  P H  ERE H E A T  

E X C H A N G E .  T H E  I N F L O W  T H R O U G H  T H E  N O R T H E R N  

E N T R A N C E S  ( A N  D,  T O  A LES S E R D E C  RE E,  T H  R O  U G  H T H E  

E N G L I S H  C H A N N E L )  C A N  BE S T R O N G L Y  I N F L U E N C E D  

BY T H E  N A O .  N U M E R I C A L  M O D E L  S I M U L A T I O N S  A L S O  

D E M O N S T R A T E  S T R O N G  D I F F E R E N C E S  I N T H E  N O R T H  

S E A  C I R C U L A T I O N ,  D E P E N D I N G  O N  T H E  S TATE O F  T H E  

N A O .  T H E  A W  M I X E S  W I T H  Rl VE R RU N - O  FF A N  D L O W E R  

S A L I N I T Y  BALTI C O U T F L O W  A L O N G  T H E  N O R W E G I A N  

C O A S T .  A B A L A N C E  O F  T I D A L  M I X I N G  A N D  LO CAL  

H E A T I N G  F O R C E S  T H E  D E V E L O P M E N T  O F  A S E A S O N A L  

S T R A T I F I C A T I O N  F R O M  A P R I L / M A Y  T O  S E P T E M B E R  I N 

M O S T  P A R T S  O F  T H E  N O R T H  SEA.

D uring the first half of 2009, the w eekly m eans of 
area-averaged SST w ere close to the long-term  
values, i.e. there  w as no excess hea t from  the 
previous year. The m onth ly  tem perature  anom alies 
b e tw een  January and June varied betw een  -0 .1  
and  +0.9°C. B etw een June and  July, there w as a 
pronounced warming, and the m onthly  tem perature 
anom aly  increased from  0.8 to 1.6°C and  varied 
b etw een  0.8 and  1.3°C for the last five m onths. 
The annual tem perature  anom aly  w as 0.8°C. 
Besides the inflow  of w arm er A tlantic W ater (AW) 
at the no rthern  boundary  and  th rough  the English 
C hannel, m uch of the SST variability is caused by 
the local ocean-a tm osphere  heat flux.

In contrast to 2008, the near-surface tem perature  
in 2009 again exhibits the typical gradient, w ith  
increasing tem peratures from the open  no rthern  
boundary  tow ards the inner G erm an Bight and w ith  
iso therm s runn ing  approxim ately from southw est

T H E  R E M A I N D E R  E N T E R S  T H E  N O R W E G I A N  S E A  T O  B E C O M E  T H E  

N O R W E G I A N  A W .  M O D I F I E D  N O R T H  A T L A N T I C  W A T E R  E N T E R S  

T H E  F A R O E - S H E T L A N D  C H A N N E L  F R O M  T H E  N O R T H
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to northeast. The bo ttom  distribution is com parable 
w ith  2008. The vertically mixed areas along the 
sou thern  D anish  coast are w arm er th an  in  2008, 
w ith  tem peratures close to 20°C. The therm ocline 
dep th  of the stratified central N orth  Sea and 
Skagerrak area exceeds 40 m , w ith  m axim um  
grad ien ts of ca. 3°C n r 1. The sharpness of the 
therm ocline is gradually decreasing no rth  of 57°N. 
The local depression of the therm ocline at ca. 7°E 
along the 58°N section, w hich w as observed in 9 of 
12 years, show s a record dep th  of ca. 80 m.

The bo ttom  layer is generally th inner and  w arm er 
th an  in  2008; however, the 2009 cruise w as carried 
ou t one m on th  later th an  in previous surveys, and 
the bo ttom  layer is generally expected to reach its 
tem perature  m axim um  approxim ately one m on th  
later th an  the surface layer. The 54°N section w as 
com pletely vertically m ixed as a result of tidal 
mixing, w hereas the 55°N section w as vertically 
m ixed at its eastern  section and above D ogger Bank, 
b u t stratified east of 1.5°E.

C om pared w ith  2008, the salinity concentrations 
in  the surface and  bo ttom  layers increased in the 
no rth ern  part of the N orth  Sea. The tongue of 
AW w ith  salinity >35 in the near-surface layer 
extended nearly  2 degrees farther sou th  and  ca. 
4 degrees farther east. Also, in  the outflow  region 
of the English C hannel, sm all lenses w ith  salinity 
>35 w ere detected  in b o th  layers. Generally, the 
influence of the C hannel is greater th an  in  previous 
years. The ribbon of low -salinity  w ater in  the surface 
layer along the N orw egian coast, w ith  salinity <34, 
is sm aller th an  in 2008, b u t b roader in b o th  layers 
a long the D utch, G erm an, and  D anish  coasts. 
Therefore, the total salt con ten t decreased a little 
from  2008. A t 56°N, betw een  3°E and  5.5°E, there 
is a block of w arm , h igh-salin ity  w ater overlying 
colder, low -salinity  w ater, w hich is very unusual.

The 57°N section dem onstrates vertical colum ns 
or in trusions of h igh-salin ity  w ater betw een  the 
surface and bo ttom  layers. This m ight be caused by 
the strong and  rapidly changing w inds during  the 
cruise.The to tal salt con ten t during the 2009 survey 
w as 1.140 X IO121, w hich is very close to the 2000- 
2009 average of 1.142 x IO121.

N E A R - N O R M A L  T E M P E R A T U R E  A N D  

H I G H  S AL I NI TY IN T H E  N O R T H  SEA.

Betw een January and  February, the m onth ly  Elbe 
River run-off w as ca. 1 standard  deviation below  
the long-term  m ean  w hereas, during M arch, it was 
ca. 1.5 standard  deviations above it. The annual 
averaged run-off w as ca. 20 km 3 y e a r 1, w hich is 
slightly below  the long-term  m ean.

Tem perature and  salinity at tw o positions in  the 
no rth ern  N orth  Sea illustrate conditions in  the 
A tlantic inflow  (Figure 51). The first (Location A) 
is at the near-bo ttom  in the no rthw estern  part of 
the N orth  Sea, and  the second (Location B) is in 
the core of the AW at the w estern  shelf edge of 
the N orw egian Trench. M easurem ents w ere taken  
during  sum m er and  represen t the previous w inter's 
conditions. The average tem perature  at Location A 
w as 1 -2°C low er th an  at Location B, and  salinity 
w as also slightly lower. In  b o th  locations, there were 
above-average tem peratures and  salinities in 2009, 
and  there has b een  an increase in  b o th  salinities 
and  tem peratures from 2008.

Effects on t he  e c os ys t e m dynami cs  in t he  North Sea  and t he  Skagerrak.

► In th e  Skagerrak, in add i t ion  to  overall  inc reased  te m p e ra tu re ,  th e  length o f  th e  w a rm  s e a so n  
has  increased  significantly over  th e  last few years  (condi t ions  in th e  Skagerrak  are  t h o u g h t  to  be 
rep resen ta t ive  o f  c o n d i t io n s  th r o u g h o u t  th e  North Sea). This  is unlike m o s t  o f  th e  p as t  45 years, 
a l though  similar  c o n d i t io n s  w ere obse rved  a ro u n d  1990. The result  is th a t  cold water , previously 
obse rved  du r in g  large par ts  o f  th e  year, has  now been  a b s e n t  for severa l years.  Together  with th e  
high t e m p e ra tu re s ,  th is  will have significant effects on  e c o s y s te m  dynam ics  in th e  North  Sea and 
th e  Skagerrak.
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Figure 50.
A ren  8  -  N o r th e rn  N o r th  Sen. 
M o d elled  n n n u n l m enu  (bold) nnd  
m o n th ly  m enn vo ln m e trnnsport 
o f  A tln n tlc  W a ter  Into the  
northern  n n d  centrnl N o r th  Sen 
so n th w n rd s  betw een the O rkn ey  
Isln n d s n n d  U tslre, N o rw n y .

Data Provider: IMR - Institute of Marine Research - Norway
Ref: ICES Report on Ocean Climate 2009
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Figure 51.
A ren  8  -  N o r th e rn  N o r th  Sen. 
Tem perntnre (npper pn n e l) nnd  
sn lln lty  (low er pnnel) nenr the 
senbed  In the north w estern  p n r t  
o f  the N o r th  Sen (Locntlon A )  
n n d  In the core o f  A tln n tlc  W n ter  
n t the w estern  s h e l f  edge o f  the  
N o rw eg in n  Trench (Locntlon B) 
d n r ln g  snnim er.
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Figure 52.
A ren  8  -  N o r th ern  N o r th  Sen. 
Tenipernhire n n o n in ty  (upper  
pn n el) n n d  sn ltn tty  nno n in ty  
(low er pn n el) In the Fntr M e  
C urren t en tering  the N o r th  Sen 
f iv m  the N o r th  A tln n tlc .
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Figure 53.
A ren  9  -  S ou thern  N o r th  Sen. 
A n n u n l m enu  surfnce tem pernture  
nno n in ty  (upper p n n e l) nn d  
s n ltn tty  n n o n in ty  (low er pnnel) n t  
S tn tton  H elgo lnnd  R onds.

Data Provider: AWI/BAH (Alfred-Wegener-lnstitut /  Biologische Anstalt Helgoland) - Germany 
Ref: ICES Report on Ocean Climate 2009
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Figure 54. 20.0
A rea  9 - S o u th e r n  N o r th  Sea. 2 0 0 9  
m o n th ly  surface tem pera ture  (left 18 .0
pa n el) an d  sa lin ity  (righ t panel)  
a t S ta tio n  H elgo land  Roads. 16.0
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Figure 55.
A rea  9  -  Sou th ern  N o r th  2
Sea. N o rm a lized  sea surface  
tem pera ture a n o m a ly  (upper  
pa n el) a n d  s a lin ity  a n o m a ly  .
(low er p a n el) re la tive  to 1 9 7 1 -  
2000 , m easured  a long 5 2 ° N  b y  
a regular ferny a t s ix  sta n d a rd  
sta tions. T he tim e-series reveals 0
the seasonal section average  
(DJF, M A M , JJA, S O N ) o f  the  
n o n n a lize d  variable. -1
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Data Provider: Bundesamt fuer Seeschifffahrt und Hydrographie 
Ref: ICES Report on Ocean Climate 2009
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Figure 56.
A ren s  8  n n d  9  -  N o r th ern  nn d  
son th ern  N o r th  Sen. N o r th  
Sen nren-nvernged  sen snrfnce  
tem pernhire  (S S T ) n n n n n t cycle; 
2 0 0 9  m o n th ly  m en n s bnsed on 
operntlonnl w eek ly  N o r th  Sen  
S S T  m nps.

Month

4.14 Area 9b -  Skagerrak, Kattegat, and the 
Baltic

T H E  S E A S  I N A R E A  9 B ARE C H A R A C T E R I Z E D  BY LARGE  

S A L I N I T Y  V A R I A T I O N S .  I N T H E  S K A G E R R A K ,  W A T E R  

M A S S E S  F R O M  D I F F E R E N T  P ART S  O F  T H E  N O R T H  S E A 

ARE P R E S E N T .  T H E  K A T T E G A T  IS A T R A N S I T I O N  AR E A 

B E T W E E N  T H E  BALT I C A N D  T H E  S K A G E R R A K .  T H E  

W A T E R  IS S T R O N G L Y  S T R A T I F I E D ,  W I T H  A P E R M A N E N T  

H A L O C L I N E  ( S H A R P  C H A N G E  I N S A L I N I T Y  AT D E P T H ) .  

T H E  D E E P  W A T E R  I N T H E  BALTI C P R O P E R ,  W H I C H  

E N T E R S  T H R O U G H  T H E  BE LTS  A N D  T H E  S O U N D ,  

C A N  BE S T A G N A N T  F O R  L O N G  P E R I O D S  I N T H E  

I N N E R  B A S I N S .  I N T H E  RE LATI VE L Y S H A L L O W  AR E A 

I N T H E  S O U T H E R N  BALTI C,  S M A L L E R  I N F L O W S  P A S S  

RE LATI VE LY Q U I C K L Y ,  A N D  T H E  C O N D I T I O N S  I N T H E  

D E E P  W A T E R  ARE VE RY VA R I AB L E .  S U R F A C E  S A L I N I T Y  IS 

VE RY L O W  I N T H E  BALT I C P R O P E R  A N D  T H E  G U L F  O F  

B O T H N I A .  T H E  LATTER A R E A  IS ICE C O V E R E D  D U R I N G  

W I N T E R .

O w ing  to its central location  relative to the 
Skagerrak, K attegat, and  Baltic, the w eather in 
Sw eden can be taken  as representative for the 
area. The m ean  air tem perature during 2009 was 
0.5-1.5°C above norm al in m ost parts of Sw eden, 
b u t below  the tem peratures of the previous years. 
In  contrast to 2007 and  2008, the beg inn ing  of 2009 
w as cold. April w as sunny  and  w arm , w hereas the

beg inn ing  of sum m er w as unusually  cold. H ighest 
air tem peratures w ere obtained  at the end  of June/ 
beg inn ing  of July. A t the end  of D ecem ber, the 
w hole country w as covered w ith  snow. Precipitation 
w as h igher th an  norm al except in the no rthernm ost 
and  sou thernm ost parts of Sw eden. W inds w ere 
som ew hat w eaker th an  norm al, as in  2008, and  the 
num ber of sun -hou rs w as above norm al in m ost 
places.

Surface w ater tem perature  w as close to norm al 
in the Baltic P roper for the entire year, w hereas 
salinity w as slightly above norm al. In  Skagerrak and 
the no rth ern  part of K attegat, the surface w ater in 
February w as colder and  less saline th an  norm al. At 
the end of June, the sea surface tem perature was 
w ell above norm al in  K attegat and  Skagerrak. As a 
result of strong  w esterly  w inds at the beg inn ing  of 
O ctober, the surface salinity becam e unusually  high 
in th is area. In  the B othnian  Bay and  B othnian Sea, 
the surface salinity w as close to norm al.

A storm  over the sou thern  parts of the Baltic in  the 
m iddle of N ovem ber gave rise to an inflow  to the 
deeper parts of the A rkona and  B ornholm  basins, 
im proving oxygen conditions in  this area.

The 2008/2009 ice season w as considered mild, bu t 
the m axim um  ice extent w as still m ore th an  twice 
th a t of the previous season. The m axim um  ice extent 
occurred on  20 February, w hich w as quite early.

5 2 /5 3
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Figure 57. ' ̂
A ren  9b  -  Skagerrak, K attegat, 
a n d  the Baltic. Surface  
tem pera ture (upper p a n e l) an d  11
surface sa lin ity  (low er pa n el) at 
S ta tio n  B Y 1 5  (east o f  G o tland) In 
the B a ltic  P roper  10
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Data Provider: SMHI - Swedish Meteorological and Hydrological Institute 
Ref: ICES Report on Ocean Climate 2009
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STILL W A R M E R  T H A N  N O R M A L  IN S KAGERRAK,  

KATTEGAT,  A N D  T H E  BALTIC IN 2 O O 9 .

Data Provider: Swedish Meteorological and Hydrological Institute Data Provider: Swedish Meteorological and Hydrological Institute
Ref: ICES Report on Ocean Climate 2009

Figure 58.
Area 9b -  Skagerrak, Kattegat, 
and the Baltic. 2009 monthly 
surface temperature (left panel) 
and salinity (right panel) at 
Station BY15 (east o f Gotland) in 
the Baltic Proper.
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Data Provider: FIMR - Finnish Institute of Marine Research - Finland
Ref: ICES Report on Ocean Climate 2009

11 Figure 59.
A rea  9b  -  Skagerrak , Knttegat, 
an d  the Baltic. S a lin i ty  a t  S ta tion  
L L 7  in the G n i f  o f  F inland.
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Data Provider: FIMR - Finnish Institute of Marine Research - Finland 
Ref: ICES Report on Ocean Climate 2009

5.0 Figure 60.
A rea  9b  -  Skagerrak , K n tte g a t  
an d  the Baltic. S a lin i ty  a t  S ta tion  
B03 in B o th n ia n  Bay.

Salinity at 0m 
Salinity at 100m
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Data Provider: FIMR - Finnish Institute of Marine Research - Finland 
Ref: ICES Report on Ocean Climate 2009

7.5 Figure 61.
A rea  9b  -  Skagerrak , K n tte g a t  
an d  the Baltic. S a lin i ty  a t  S ta tion  
S R 5  in the B o th n ia n  Sea.
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Data Provider: SMHI - Swedish Meteorological and Hydrological Institute 
Ref: ICES Report on Ocean Climate 2009

Figure 62.
A rea  9b  -  Skagerrak , K n tte g a t  
an d  the Baltic. The ice ex ten t in 
the  B a ltic  s ince 1961.
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4.15 Area 10 -  Norwegian Sea

T H E  N O R W E G I A N  S E A  IS C H A R A C T E R I Z E D  BY W A R M  

A T L A N T I C  W A T E R  O N  T H E  E A S T E R N  S I D E  A N D  C O L D  

A R C T I C  W A T E R  O N  T H E  W E S T E R N  S I D E ,  S E P A R A T E D  

BY T H E  A R C T I C  F R O N T .  A T L A N T I C  W A T E R  E N T E R S  T H E  

N O R W E G I A N  S E A  T H R O U G H  T H E  F A R O E - S  H ETL AN D 

C H A N N E L  A N D  B E T W E E N  T H E  F A R O E S  A N D  I C E L A N D  

VI A T H E  F A R O E  F R O N T .  A S M A L L E R  B R A N C H ,  T H E  

N O R T H  I C E L A N D I C  I R M I N G E R  C U R R E N T ,  E N T E R S  T H E  

N O R D I C  S E A S  O N  T H E  W E S T E R N  S I D E  O F  I C E L A N D .  

A T L A N T I C  W A T E R  F L O W S  N O R T H  AS  T H E  N O R W E G I A N  

A T L A N T I C  C U R R E N T ,  W H I C H  S P L I T S  W H E N  IT R E A C H E S  

N O R T H E R N  N O R W A Y ;  S O M E  E N T E R S  T H E  B A R E N T S  

S E A,  W H I L E  T H E  R E S T  C O N T I N U E S  N O R T H W A R D S  

I N T O  T H E  A R C T I C  O C E A N  AS  T H E  W E S T  S P I T S B E R G E N  

C U R R E N T .

Three sections from  sou th  to n o rth  in  the eastern  
N orw egian Sea dem onstrate  the developm ent of 
tem perature  and  salinity in  the core of the A tlantic 
W ater (AW; Svinoy, Gimsoy, and  Sorkapp). In 
general, there has b een  an increase in  tem perature  
and  salinity in  all three sections from  the m id-1990s 
to the present. In all three sections, tem perature  and 
salinity w ere above the long-term  m eans in  2009. 
In 2009, the annual tem perature  averages w ere ca. 
0.7°C above the long-term  m ean  in b o th  the Svinoy 
and  G im soy sections, w hile in  the Sorkapp Section, 
the sum m er tem perature  w as 0.5°C above the long
term  m ean. In  2009, salinity values w ere 0.09, 0.07, 
and  0.04 above the long-term  m eans for the tim e- 
series in the Svinoy, Gimsoy, and  Sorkapp sections, 
respectively. The h igh  salinity values reflect saltier 
AW in the F aroe-Shetland  C hannel.

Figure 63.
A ren  10  -  N o rw eg ia n  Sea. 
A vera g e  tem perature  (upper  
p a n el) an d  s a lin ity  (low er panel)  
above the slope a t S v in o y  Section  
(63°N ).
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Data Provider: IMR - Institute of Marine Research - Norway 
Ref: ICES Report on Ocean Climate 2009

35.45

35.40

35.35

35.30

35.25

35.20

35.15
— ■—  Salinity 
 5-yr Smoothed Data

35.10

1975 1980 1985 1990 1995 2000 2005 2010
Year

A B O V E - A V E R A G E  T E M P E R A T U R E  A N D  S ALI NI TY  

IN T H E  N O R W E G I A N  S EA IN 2 O O 9 .



ICES R eport on Ocean C lim ate 2009

9 j0 Figure 64.
A rea  10 -  N o rw eg ia n  Sea. 
A verage  tem pera ture  (upper 
pa n el) a n d  sa lin ity  (low er panel)  
above the slope a t G im so y  Section  
(69°N ).
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Figure 65.
A rea  10 -  N o rw eg ia n  Sea. 
A verage  tem pera ture  (upper 
pa n el) a n d  sa lin ity  (low er panel)  
above the slope a t Sorkapp  Section  
(76°N ).

Data Provider: IMR - Institute of Marine Research - Norway 
Ref: ICES Report on Ocean Climate 2009
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Figure 66.
Area 10 -  Norwegian Sea. 
Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) at 50 m at Ocean 
Weather Station "M "(66°N 2°E).
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Figure 67.
Norwegian Sea. 2009 monthly 
temperature (left panel) and 
salinity (right panel) at 50 m 
at Ocean Weather Station "M" 
(66°N 2°E).

Data Provider: Geophysical Institute - University of Bergen 
Ref: ICES Report on Ocean Climate 2009
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4.16 Area 11 -  Barents Sea

T H E  B A R E N T S  S E A  IS A S H E L F  SE A,  R E C E I V I N G  AN  

I N F L O W  O F  W A R M  A T L A N T I C  W A T E R  F R O M  T H E  

W E S T .  T H E  I N F L O W  D E M O N S T R A T E S  C O N S I D E R A B L E  

S E A S O N A L  A N D  I N T E R A N N U A L  F L U C T U A T I O N S  I N 

V O L U M E  A N D  WAT E R MAS S  P R OP ER T I E S ,  PARTI CULARLY 

I N H E A T  C O N T E N T  A N D ,  C O N S E Q U E N T L Y ,  ICE 

C O V E R A G E .

In  1996 and  1997, after a period w ith  h igh 
tem peratures in the first half of the 1990s, 
tem peratures in the Barents Sea d ropped  to values 
slightly below  the long-term  average. From M arch
1998, the tem perature in  the w estern  Barents Sea 
increased to just above the average, w hereas the 
tem perature  in  the eastern  part rem ained  below  
the average during  1998. From the beg inn ing  of
1999, there w as a rapid tem perature  increase in the 
w estern  Barents Sea th a t also spread to the eastern  
part. Since then , the tem perature  has rem ained 
above average.

In the sou thern  Barents Sea, the w ater tem peratures 
in  2009 w ere ca. 0.8°C above the long-term  m eans. 
The tem perature  of the A tlantic W ater w as 0 .5- 
1.6°C higher th an  the average th roughou t the 
year, depend ing  on tim e and  place. The positive 
anom alies gradually decreased, from  0.8-1.6°C  in 
January-A pril to 0 .5 -0 .7°C in A ugust-O ctober, and 
th en  increased again to 0.9-1.3°C  in N ovem ber- 
D ecem ber. C om pared w ith  2008, the tem perature of 
the u pper 200 m  layer in  the Kola Section w as low er 
in  the first half of 2009 and  h igher in  the second 
half. In the M urm ansk C urrent, the D ecem ber

tem perature  w as the h ighest since 1951, and  the 
2009 annual tem perature  w as typical of anom alous 
w arm  years and  close to th a t of 2008. Even though  
the bo ttom  tem perature  in  A ugust-S ep tem ber 2009 
was, on average, 0.3-1.0°C  higher th an  norm al for 
m ost of the Barents Sea, the volum e of cold Arctic 
w aters increased significantly in  the no rthern  
B arents Sea from  2008, and, for the first tim e in  the 
last three years, w aters w ith  a negative tem perature 
w ere found  in  the E astern Basin during this time. 
T hroughout m ost of the year, the total ice extent 
w as low er th an  the long-term  average, bu t h igher 
th an  in  2008.

The volum e flux into the Barents Sea varies w ith  
periods of several years, and  w as significantly 
low er during 1997-2002 th an  during 2003-2006. 
The year 2006 w as special, as the volum e flux had  
b o th  a m axim um  (in w in ter 2006) and  a m inim um  
(in fall 2006). Since then , the inflow  has b een  low, 
particularly during spring and  sum m er. The inflow 
in 2009 w as similar to 2007 and  2008: m oderate 
during  w in ter follow ed by a strong  decrease in 
spring. In  spring 2009, the flux w as alm ost 1.5 
Sv below  average. There are no observations for 
au tum n  2009. There is no significant trend  in  the 
observed volum e flux from  1997 to 2009.

TOTAL ICE EXTENT IN T H E  B A R E N T S  SEA LOWER  

T H A N  T H E  L O N G - T E R M  AVERAGE IN 2 O O 9 .

The w ater tem perature  in the Barents Sea in  2010 is 
expected to be h igher th an  the long-term  m ean, bu t 
probably low er th an  in 2009.

5 8 /5 9

The west coast o f Scotland from  FRV Alba na Mara. Image courtesy o f Marine Scotland, Aberdeen UK.
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Figure 68.
A rea  11 -  B aren ts Sea.
Tem perature a n o m a ly  (upper  
p a n el) a n d  s a lin ity  a n o m a ly  
(low er pa n el) In the F u g lo ya -B ea r  
Isla n d  Section. 0.5

0.0

— •—  Anomaly T 
 2-yr Smoothed Data
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-1.5

Data Provider: IMR - Institute of Marine Research - Norway 
Ref: ICES Report on Ocean Climate 2009
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Figure 69.
A rea  11 -  B aren ts Sea.
Tem perature (upper pa n e l) and  
sa lin ity  (low er p a n el) In the Kola 
Section (0 -2 0 0  m).
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4.17 Area 12 -  Greenland Sea and Fram 
Strait

F R A M  S T R A I T  IS T H E  N O R T H E R N  B O R D E R  O F  T H E  

N O  RDI  C S E A S .  IT IS T H E  DE E P E S T  P A S S A G E  C O N N E C T I N G  

T H E  A R C T I C  T O  T H E  RE S T  O F  T H E  W O R L D  O C E A N  

A N D  O N E  O F  T H E  M A I N  R O U T E S  W H E R E B Y  A T L A N T I C  

W A T E R  ( AW)  E N T E R S  T H E  A R C T I C  ( T H E  O T H E R  IS T H E  

B A R E N T S  S E A ) .  T H E  A W  IS C A R R I E D  N O R T H W A R D S  BY 

T H E  W E S T  S P I T S B E R G E N  C U R R E N T ,  A N D  V O L U M E  A N D  

H E A T  F L U X E S  D E M O N S T R A T E  S T R O N G  S E A S O N A L  A N D  

I N T E R A N N U A L  V A R I A T I O N S .  A S I G N I F I C A N T  P A R T  O F  

T H E  A W  A L S O  R E C I R C U L A T E S  W I T H I N  F R A M  S T R AI T  

A N D  R E T U R N S  S O U T H W A R D S  ( R E T U R N  A T L A N T I C  

W A T E R ) .  P O L A R  W A T E R  F R O M  T H E  A R C T I C  O C E A N  

F L O W S  S O U T H  I N T H E  EAS T G R E E N L A N D  C U R R E N T  

A N D  A F F E C T S  W A T E R  M A S S E S  I N T H E  N O R D I C  S E A S .

In  2009, the tem perature  of the R eturn  A tlantic 
W ater (RAW) at the w estern  rim  of the G reenland 
Sea (75°N) w as sim ilar to th a t observed in  2008, 
w hereas salinity decreased slightly. Both values 
w ere close to their long-term  m eans. The A tlantic 
W ater (AW) at the eastern  rim  of the G reenland 
Sea w as no t m easured  in  2009. Tem perature and 
salinity in  the upper layer of the central G reenland 
Basin (w ithin the G reenland Gyre) w ere modified 
by the advection of AW and  by w in ter convection. 
The therm ocline and halocline have steadily 
descended by m ore th an  1000 m  since 1993. After 
w in ter 2007/2008, a tw o-layer structure resulted 
from  convection, w hich supplied bo th  salt and  heat 
to the in term ediate layers. In w in ter 2008/2009, 
alm ost half of the G reenland Sea had  been  shielded 
from  convection as a result of the unusual w estern  
location of the Arctic Front. In  sum m er 2009, the 
w estern  half of the G reenland  Gyre w as filled w ith  a 
thick layer ofA tlantic-origin water, w hereas betw een  
3°W  and  the Arctic Front, w in ter convection form ed 
deep, fresher and  colder w aters. In recent years, the 
G reenland Sea has b een  increasingly dom inated  by 
the influence of AW inflow. This trend  continued 
in  the w estern  half of the G reenland Gyre during 
2009, b u t w as in terrup ted  by the freshw ater event 
in  the eastern  half. However, the volum e of classic 
G reenland Sea W ater (salinities below  34.9) was 
still negligible in 2009.

In 2009, the sum m er tem perature  of AW  in the 
sou thern  Fram  Strait recovered from  the significant 
decrease observed in 2007 and  2008. A t the standard  
section at 76°30'N, the m ean  tem perature  at 200 
dbar (averaged betw een  9° and  12°E) w as 3.53°C, 
w hich w as 0.36° h igher th an  the 1996-2009 m ean. 
The m ean  salinity at 200 dbar w as 35.09, w hich was 
0.031 h igher th an  the 1996-2009 m ean.

The long-term  tem perature  and  salinity trends 
over 10 years are positive: 1.06°C and  0.086, 
respectively.

In the no rth ern  Fram  Strait, three characteristic 
areas can be d istinguished in  relation  to the 
m ain  flows: the W est Spitsbergen C urrent (WSC) 
b etw een  the shelf edge and  5°E, the R eturn A tlantic 
C urren t (RAC) betw een  3°W  and  5°E, and  the 
Polar W ater in  the East G reen land  C urrent (EGC) 
b etw een  3°W  and  the G reen land  Shelf. In  sum m er 
2009, tem perature and  salinity w ere observed to 
increase in  the eastern  and  central Fram  Strait at 
the standard  section (78°50'N) com pared w ith  
sum m er 2008. A fter their record-h igh  m axim a in 
2006, m ean  tem perature  and salinity in  the WSC 
decreased until 2008, w hen  they  reached their 
low est decadal values. In 2009, b o th  tem perature  
and  salinity recovered from  the m inim a, re tu rn ing  
to (tem perature) or exceeding (salinity) their long
term  m eans. Potential density  of the AW in the WSC 
decreased to the long-term  m ean  value in  2009 after 
reaching a decadal m axim um  in 2008.

T E M P E R A T U R E  A N D  S AL I NI TY O F  T H E  

A TL ANTI C WATER IN T H E  G R E E N L A N D  

S EA A N D  FRAM STRAI T R E T U R N E D  TO  

A VE RAGE  IN 2 O O 9 .

As a result of the b ig  pool of the recirculated 
AW  in the central part of Fram  Strait, the biggest 
differences betw een  2009 and  2008 w ere found 
in the RAC. A tlantic W ater w arm er th an  3°C was 
found  across the w hole section, w hereas in  2008, it 
w as confined only to the WSC. The position  of the 
Arctic Front be tw een  A tlantic and  Polar W aters at 
78°50'N  w as shifted w estw ards, from 2°E in  2008 to 
ca. 2°W  in 2009. The salinity in  the u pper 500 m  of 
the w ater colum n w as >34.96, except for the Polar 
W ater in  the EGC and  sm all surface patches in  the 
central part. As a result, the  m ean  salinity observed 
in RAC in 2009 w as a record h igh and  m ean  
tem perature  w as the second record high, exceeding 
the long-term  m ean  values by 0.06 (salinity) and 
0.64 (tem perature).

The w in ter-cen tred  annual m ean  of the volum e 
ne t transport in  2008-2009 w as 6.3 Sv, slightly 
h igher than  the long-term  m ean  (2002-2009) of 
6 Sv. W inter m axim um  in volum e transport was 
m oderate: w eaker th an  in  the m axim um -transport 
years (2004/2005 and  2007), bu t stronger th an  in the 
low -transport w inters (2003/2004 and 2005/2006).
Exceptionally low  (for w inter) transport was 
observed in  January 2009, follow ed by strong  inflow 
in late w in ter and  early spring.

6 0 /6 1
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Figure 70.
Area 12 -  Greenland Sea and 
Fram Strait. Temperature (upper 
panel) and salinity (lower panel) 
at 200 m in the Spitsbergen 
Section (76.50°N).
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Figure 71. 6
Area 12 -  Greenland Sea and 
Fram Strait. Temperature anomaly 
(upper panel) and salinity (lower 5
panel) anomaly o f Atlantic Water 
(AW) and Return Atlantic Water 
(RAW) in the Greenland Sea 4
Section at 75°N. A W  properties 
are 50-150 m averages at 10- 
13°E (not updated for 2009). 3
The R A W  is characterized by 
temperature and salinity maxima 
below 50 m averaged over three 2
stations west o fll.5 °W .
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Data Provider: AWI - Alfred W egener Institute for Polar and  Marine R esearch  - G erm any 
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Temperature °C WSC 
Temperature°C RAC 
Temperature°C EGC

Data Provider: AWI - Alfred Wegener Institute for Polar and Marine Research - Germany 
Ref: ICES Report on Ocean Climate 2009

Figure 72.
Area 12 -  Greenland Sea and 
Fram Strait. Temperature anomaly 
(upper panel) and salinity (lower 
panel) anomaly in Fram Strait 
(78.83°N) at 50-500 m: in the 
West Spitsbergen Current (WSC; 
between the shelf edge and 5°E), 
in the Return Atlantic Current 
(RAC; between 3 °W  and 5°E), 
and in the Polar Water in the 
East Greenland Current (EGC; 
between 3 °W  and the Greenland 
Shelf; not updated for 2009).

35.3
Salinity WSC 
Salinity RAC 
Salinity EGC

35.2

35.1

35.0

34.9

34.8

34.7

34.6

34.5
1980 1985 1990 1995 2000 2005 2010

Year

RDIADCP ready for deployment. Image courtesy o f Marine Scotland, Aberdeen, UK.
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5. DETAILED AREA 
DESCRIPTIONS, PART lis 
THE DEEP OCEAN

5.1 Introduction

In this section, we focus on the deeper waters of 
the Nordic seas and the North Atlantic, typically 
below 1000 m. The general circulation scheme and 
dominant water masses are given in Figure 73.

AT T H E  N O R T H E R N  B O U N D A R Y  O F  O U R  R E G I O N  O F  

I N T E R E S T ,  T H E  C O L D  AN  D D E N S E  O U T F L O W  F R O M  T H E  

A R C T I C  O C E A N  E N T E R S  F R A M  S T R A I T  A N D  R E A C H E S  

T H E  G R E E N L A N D  S E A .  T H E  O U T F L O W  IS A M I X T U R E  

O F  E U R A S I A N  B A S I N  A N D  C A N A D I A N  B A S I N  D E E P  

W A T E R S  A N D  U P P E R  P O L A R  D E E P  W A T E R  ( U P D W ) .  T H E  

E U R A S I A N  D E E P  W A T E R  F E E D S  T H E  D E N S E S T  W A T E R  

O F  ALL N O R D I C  S E A S :  T H E  G R E E N L A N D  S E A B E D  

W A T E R .  T H E  C A N A D I A N  B A S I N  D E E P  W A T E R  A N D  

U P D W  S U P P L Y  T H E  A R C T I C  I N T E R M E D I A T E  W A T E R  

I N T H E  G R E E N L A N D  S E A ,  A N D  T H E  U P D W  A L S O  

I N C L U D E S  P R O D U C T S  O F  T H E  W I N T E R  C O N V E C T I O N .

T H E  D E E P  S O U T H W A R D  O U T F L O W  F R O M  T H E  N O R T H  

A T L A N T I C  I N T H E  D E E P  W E S T E R N  B O  U N DARY C U  RRE NT

I S F E D  BY T H E  C O L D  A N D  D E N S E  O V E R F L O W  W A T E R S .  

T H E  D E E P E S T  A N D  D E N S E S T  IS T H E  D E N M A R K  S T R A I T  

O V E R F L O W  W A T E R .  T H I S  W A T E R  M A S S  O R I G I N A T E S  

I N T H E  A R C T I C  I N T E R M E D I A T E  W A T E R  P R O D U C E D  

I N T H E  G R E E N L A N D  A N D  I C E L A N D  S E A S  BY W I N T E R  

C O N V E C T I O N  A N D  M I X I N G  W I T H  S U R R O U N D I N G  

W A T E R  M A S S E S .  T H E  D E N M A R K  S T R A I T  O V E R F L O W  

W A T E R  S I N K S  T O  T H  E B O T T O M  AS IT P A S S E S  O V E R  T H E  

D E N M A R K  S T R A I T  S I L L ,  V I G O R O U S L Y  E N T R A I N I N G  

A M B I E N T  W A T E R .  D O W N S T R E A M ,  IT IS O V E R L A I N  

BY A N  I N T E R M E D I A T E  W A T E R  M A S S ,  T H E  L A B R A D O R  

S E A W A T E R ,  F O R M E D  BY D E E P  W I N T E R  C O N V E C T I O N  

I N T H E  L A B R A D O R  SEA.  T H E  M I D D L E  LAYER O F  T H E  

D E E P ,  C O L D - W A T E R  E X P O R T  I N T H E  D E E P  W E S T E R N  

B O U N D A R Y  C U R R E N T  IS S U P P L I E D  BY T H E  I C E L A N D — 

S C O T L A N D  O V E R F L O W  W A T E R ,  O R I G I N A T I N G  I N 

W A T E R  M A S S E S  F O R M E D  I N T H E  N O R W E G I A N  S E A  

( A R C T I C  I N T E R M E D I A T E  W A T E R  A N D  N O R T H  A T L A N T I C  

D E E P  W A T E R ) .  P A S S I N G  T H R O U G H  T H E  I C E L A N D I C  

B A S I N ,  T H E  I C E L A N D - S C O T L A N D  O V E R F L O W  W A T E R  

A L S O  E N T R A I N S  U P P E R  O C E A N  W A T E R  A N D  L A B R A D O R  

S E A W A T E R .  T H E  D E E P  A N T A R C T I C  B O T T O M  W A T E R  

E N T E R S  T H E  N O R T H  A T L A N T I C  O N  T H E  W E S T E R N  S I D E  

A N D  S O M E  O F  T H E  L O W E R  D E E P  W A T E  R A C C O M  P A N  I ES 

T H E  I N F L O W  O F  M E D I T E R R A N E A N  W A T E R  O N  T H E  

E A S T E R N  S I D E .

Figure 73.
Schematic circulation o f the 
intermediate to deep waters in the 
Nordic seas and North Atlantic.
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5.2 Nordic seas deep waters

The longest tim e-series (from O cean W eather 
Station  'M ' in  the N orw egian  Sea, A rea 10) reveals 
w arm ing  since the m id-1980s. After a slight 
decrease in 2003, tem perature at 2000 m  has 
steadily increased, reaching -0 .80°C  in 2008 and 
2009. C ontinuous w arm ing  has b een  observed in 
the G reen land  Sea deep layer at 3000 m  (Area 12). 
In  the Iceland Sea, an  increase in  tem perature  in  the 
dep th  range 1500-1800 m  has b een  found since the 
beg inn ing  of the tim e-series (early 1990s), reaching 
the annual m ean  value of -0 .78°C  (and a record- 
h igh  value of -0 .774°C  in sum m er) in  2009. The 
long-term  w arm ing rates per decade are 0.131°C 
(G reenland Sea), 0.06°C (N orw egian Sea), and 
0.063°C (Iceland Sea). The source of the w arm ing 
is the deep outflow  from the Arctic O cean, a south- 
flowing current of the Eurasian and  C anadian  Basin 
D eep W aters and  the upper Polar D eep W ater found 
on the w estern  side of Fram  Strait at ca. 2000 m 
depth . The G reenland Sea D eep W ater (GSDW) is 
w arm ing  fastest ow ing to its direct contact w ith  this 
Arctic outflow, w hereas the Iceland and  N orw egian 
seas are w arm ing m ore slowly because they  are 
products of the m ixing of their ow n am bien t w aters 
w ith  GSDW  and  Arctic outflow  water.

W arm ing in  the G reenland Sea w as accom panied 
by a year-to-year increase in  salinity. A lthough the 
tem peratures in the bo ttom -m ost w aters increased 
from  -0 .982°C  in 2008 to -0 .969°C  in 2009, there 
w as no tem perature  change above 2500 m  in the 
low er layer of the G reen land  Sea (below the upper 
boundary  defined by the salinity gradient at ca. 
1800 m). The tem perature structure in  the deep 
ocean at the G reenland continental slope in  2009 
w as particularly indicative of a deep-w ater export 
there. Salinities in the b o ttom -m ost w aters w ere 
34.9150 in 2008 and  34.9152 in 2009. Salinities 
in  the deep w aters of the G reenland Gyre have 
obviously atta ined  the values of the deep Arctic 
outflow  and, therefore, cannot rise farther (unless 
the outflow  properties change), b u t the continuing 
deep-w ater tem perature  increase dem onstrates tha t 
deep Arctic w aters w ere also persistently  m ixed into 
the GSDW  in 2009. The observed increase in  the 
GSDW  salinity m ay be the result of an  adjustm ent 
to the Arctic outflow  in the continued absence of 
deep convection and an  increased presence of 
A tlantic W ater (AW) in the upper layer. It is unclear 
w h eth er there has b een  any corresponding salinity 
trend  in  either the N orw egian or the Iceland Sea 
D eep W aters in  recent decades. After som e decrease 
in  the early 1990s, salinity in  b o th  deep basins has 
rem ained relatively stable for the past decade, w ith  
a slight increase in the N orw egian Sea since 2005.

The dom ing structure in  the G reenland Gyre 
is be ing  replaced by a tw o-layered w ater m ass 
arrangem ent, after a cessation of deep convection. 
Since the beg inn ing  of m easurem ents in  1993, the 
w in ter convection dep th  has varied betw een  700 and 
1600 m  and  has only b een  significantly deeper in 
sm all-scale convective eddies. The im port of w arm  
and  salty AW to the G reen land  Sea is currently no t 
balanced by an  im port of cool and  fresh Polar W aters 
from  the north . The AW, w hich dom inated  changes 
in the u pper ocean, took over the role of form er ice 
p roduction  as a source of salt and  densification in 
the context of w in ter convection. The inpu t of AW 
tends to p revent ice form ation and  to vertically 
hom ogenize the w aters ventilated  by convective 
processes.

T H E  DEE P  WATERS  O F  T H E  G R E E N  L A N D ,  I C E L A N D  

A N D  N O R W E G I A N  S EAS ARE ALL W A R M I N G .

Since 2008, the assessm ent of the convection history 
in the central G reen land  Sea w as m ore am biguous 
th an  before. The reason w as the tw ofold structure, 
stem m ing  from  convection in  w in ter 2007/2008. 
After this w inter, tem peratures and  salinities were 
vertically quite hom ogenous dow n to 1600 m , and 
stabilities a tta ined  a long-term  m inim um  as a result 
of a m ixed-layer type convection. However, alm ost 
half of the G reenland Sea had  b een  shielded from 
convection because of the unusual w estern  location 
of the Arctic Front (boundary betw een  the AWs 
and  G reenland Sea W aters). The laterally b i-parted  
structure rem ained  until w in ter 2008/2009, m odified 
by advection. In  sum m er 2009, the w estern  half of 
the G reen land  Gyre w as filled w ith  a thick layer of 
AW  dérivâtes, w hereas betw een  ca. 3°W  and  the 
Arctic Front, w in ter convection in troduced fresher 
and  colder w aters dow nw ards in  the classical 
m anner of G reen land  Sea convection. D espite this 
freshen ing  event, the volum e of GSW D (classified 
in the 1990s as salinities below  34.9) w as negligible 
in 2009. D ata from  the m oored profiler in the central 
G reen land  Sea in  2008-2009 dem onstrate  tha t 
w in ter convection distributed  the fresher surface 
w aters from sum m er and  au tum n  2008 dow nw ards 
to ca. 1200 m. In  sum m er 2009, the low -stability  pool 
w as found directly above 1600 m, slightly enlarged 
from  2008. From this, a m axim um  convection dep th  
of ca. 1600 m  can be derived for w in ter 2008/2009.
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Figure 74.
A rea  12 -  G reenland Sea and  
Fram  Strait. W in te r  convection  
d ep ths in the G reenland Sea 
Section a t 75°N .

Figure 75.
A rea  12 -  G reenland Sea and  
Fram  Strait. Temperadm e (npper 
panel) an d  s a lin ity  (low er panel)  
a t 3 0 0 0  m  in the G reenland Sea 
Section a t 75°N .

Data Provider: AWI - Alfred Wegener Institute for Polar and Marine Research - Germany
Ref: ICES Report on Ocean Climate 2009
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-0 .75 Figure 76.
A rea  3  -  Icelandic waters. 
Tem perature a t 1 5 0 0 -1 8 0 0  m  in 
the  Iceland Sea (6 8 ° N  1 2 .67°W ).

-0.80

-0.85

-0.90

' Temperature °C 
 5-yr Smoothed Data

-0.95

Data Provider: Hafrannsoknastofnunin - Iceland - Marine Research Institute 
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5.3 North Atlantic deep waters

In  the deep layers of the Faroe-S hetland  C hannel 
(Area 7), the properties at 800 m  are the sam e as 
those of N orw egian Sea D eep W ater as it passes 
th rough  the C hannel back into the N orth  Atlantic. 
After a period of decline in  the 1990s, tem perature  
has increased since 2000, b u t still rem ains low er 
th an  the h ighest tem peratures observed in  the 
1950s, 1960s, and  early 1980s. The relatively stable 
salinity in the first period of m easurem ents (1950 to 
mid-1970s) w as follow ed by a slow decline th rough  
the subsequent 15 years; since 1992, it has stabilized 
again.

The salinity and  potential tem perature  of the 
D enm ark Strait O verflow  W ater (DSOW) near 
Cape Farewell (Area 5b) dem onstrated  correlated 
in terannual variations betw een  1991 and  2007 
(correlation = 0.7). H owever, after 2007, the 
changes in tem perature  and  salinity altered, and 
the correlation was reduced to ca. 0.5, w hich im plies 
th a t less th an  30% of the variance of the salinity can 
be explained by the variance of the tem perature.T he 
density  of th e  D SO W  hardly  changes on long tim e- 
scales. M easurem ents w ith  m oored instrum enta tion  
have dem onstrated  th a t tem perature  and  density  
m ainly vary at an annual tim e-scale, possibly forced 
by w ind-driven  processes near D enm ark Strait.

The properties of the N orth  A tlantic D eep W ater 
(NADW) in the deep boundary  current w est of 
G reen land  (Area 1) are m onitored  at 2000 m  depth  
at Cape D esolation  S tation  3. The tem perature  and 
salinity of this w ater underw en t strong in terannual 
variability during the 1980s. Since the beg inn ing  
of 1990s, b o th  characteristics w ere decreasing and 
reached their m inim al values in  1998. A fter that, 
positive trends w ere observed until 2007. In  2007, 
the tem perature  of the NADW  started  to decrease 
b u t its salinity w as unchanged. In  2009, the 
tem perature  of the w ater w as low er th an  in 2008 
and  2007 and  only 0.02°C above the long-term  
m ean, referenced to 1983-2000.The salinity in  2009 
w as slightly low er th an  in  2008 and  2007, bu t was 
still 0.01 above norm al.
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F ig u re  77.
A ren  10  -  N o rw eg ia n  Sea. 
Tem perature (upper panel) and  
sa lin ity  (low er panel) a t 2 0 0 0  m  
a t Ocean W ea th er  S ta tio n  " M ” 
(6 6 ° N  2°E).

F ig u re  78.
A rea  7 -F a r o e -S h e tla n d  Channel. 
Tem perature (upper panel) and  
sa lin ity  (low er panel) a t 80 0  m  in 
the F a roe-She tland  C hannel.

-0.80
— '—  Temperature °C 
 5-yr Smoothed Data

-0.85

-0.90

-0.95

- 1.00

Data Provider: Geophysical Institute - University of Bergen - Norway 
Ref: ICES Report on Ocean Climate 2009

34.925

34.920

34.915

34.910 — ■—  Salinity 
 5-yr Smoothed Data

1945 1955 1965 1975 1985
Year

1995 2005

0.4

0.2

— •—  Temperature °C 
 5-yr Smoothed Data

0.0

- 0.2

-0.4

- 0.6

-0.8

- 1.0

Data Provider: FRS - Fisheries Research Services - Aberdeen - UK 
Ref: ICES Report on Ocean Climate 2009

35.00

34.98
— ■—  Salinity 
 5-yr Smoothed Data34.!

34.94

34.92

34.90

34.88
1950 1960 1970 1980 1990 2000 2010

Year



ICES R eport on Ocean C lim ate 2009

1.4 Figure 79.
A rea  5b 
Tem perature (upper panel; au d  
sa lin ity  (low er pauel) iu D enm ark  
S tra it O verflow  W a ter  on the E ast  
G reenland Slope.

Irm inger Sea.
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□ata Provider: Koninklijk Nederlands Instituut voor Zeeonderzoek (NIOZ) - Royal Netherlands Institute for Sea Research
Ref: ICES Report on Ocean Climate 2009
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Figure SO.
A rea  1 -  W es t Greenland.
Tem perature (upper panel) an d  
sa lin ity  (low er panel) a t 2 0 0 0  m  
a t Cape D esolation S ta tio n  3  in 
the  W es t G reenland Current.

Data Provider: Institut fur Seefischerei - Germany - Institute for Sea Fisheries 
Ref: ICES Report on Ocean Climate 2009
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5.4 North Atlantic intermediate waters

In  the central Irm inger Sea (Area 5b), at 1600-2000 
dbar, a cold and  low -salinity  core w as observed 
during the early 1990s. This w as the result of the 
presence of deep Labrador SeaW ater (LSW), form ed 
during 1988-1995. Since the sum m er of 1996, this 
LSW  core has b een  increasing in  tem perature and 
salinity as it mixes w ith  su rrounding  w ater m asses. 
The salinity and  tem perature  increases levelled off 
in  2001- 2002, th en  increased overall until 2008, 
w hen  they  reached the h ighest values observed 
since 1991. A lthough in  2009, the salinity hardly 
had  changed relative to 2008, the tem perature of the 
deep LSW  layer had  decreased by ca. 0.1°C, likely

as a result of the spreading of the cold LSW  class, 
form ed in w in ter 2007/2008 in  the Labrador Sea.

In the Rockall Trough (Area 5), the dom inant 
w ater m ass, LSW, is characterized by a m inim um  
in salinity and  w eak stratification betw een  1800 
and  2000 m. The tem perature  and  salinity of the 
po ten tia l vorticity m inim um  rem ain  cooler and 
fresher th an  the long-term  m ean. Both tem perature  
and  salinity w ere low er in  2009 th an  in 2008, bu t 
the differences w ere sm all and  w ith in  the variability 
of the last 15 years, during w hich tim e tem perature  
has decreased by approxim ately 0.01°C yearn1, 
w hereas salinity has rem ained near-constan t at 
34.931±0.007 since 1992.

Figure 81.
Area 5b -  Irminger Sea. 
Temperature (upper panel) and 
salinity (lower panel) o f Labrador 
Sea Water (averaged over 1600- 
2000 m).
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Figure 82.
Area 5 -  Rockall Trough. 
Temperature (upper panel) and 
salinity (lower panel) o f Labrador 
Sea Water (1800-2000 m).
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